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ABSTRACT
A comparative study was made of forty-four cultures 
representing twenty-three of the twenty-eight aerobic 
species of the genus Corynebacterium. The cellular mor­
phology of species isolated from animal sources was found 
to be more pleomorphic than that of species isolated from 
plant sources. All species were Gram-positive except C. 
nephridii and C.. vesiculare. The disposition of these 
species was discussed. All animal species, except C. vesi­
culare , were non-motile. This species, isolated from the 
medicinal leech, was motile by one or two polar to sub­
polar flagella. The phytopathogens, C. betae, C. tritici,
C,. flarrumfaciens and C. poinsettiae were found to be 
motile as previously reported.
Colonies of the organisms were circular, entire, moist, 
and butyrous in consistency, except for five species. The 
colonies of (3. diphtheriae gravis, £. renale, C.. pseudo­
tuberculosis , C_. paurometabolum and C. fascians were irreg­
ular, dry and granular in appearance.
The optimum growth temperature for the species isolated 
from plants and from cold blooded animals was lower (25° to 
30° C) than that of species isolated from warm blooded 
animals (30° to 37° C).
x
Approximately thirty-five routine tests used in the 
identification of bacteria were applied and twenty-six 
carbon compounds were used to determine oxidative or fermen­
tative ability of the species. Three species, C. enzvmicum. 
C. striatum and C. pyogenes, were found to be strongly fer­
mentative and produced acid throughout the agar medium 
within twenty-four to forty-eight hours. C. diphtheriae 
is apparently weakly fermentative and produced acid through­
out the medium only after four to five days. All other 
species attacked the carbon compounds oxidatively.
Esculin was hydrolyzed by all plant species tested 
except C. fascians. All animal species except C. kutscheri, 
C. paurometabolum. C. enzvmicum and C. vesiculare failed to 
hydrolyze esculin. Of these five species, only the first 
two seem to be sufficiently like the type species to be 
included in the genus.
C_. diphtheriae. £. kutscheri and C. pseudotubercnlosis 
possess a phosphorylase and produce starch from glucose-l- 
phosphate. The latter two species and C. tritici. C. 
striatum. C. renale and C.. pseudodiphtheriticum produced 
intracellular starch from c o m  starch, potato starch, amy- 
lose, amylopectin and to a limited extent, from commercial 
dextrin. Compounds of at least thirty glucose units in 
length are apparently required as substrate for starch syn­
thesis .
A taxonomic key based on inherent and observable dif­
ferences in the species was proposed for the aerobic members
xi
of the genus Corynebacterium.
The disposition of six species was discussed. Four of 
these species, C. enzvmicum. £. nephridii. C.. vesiculare 
and C.. fascians have little resemblance to the type species 
and should be removed from the genus. Two species, C. 
hoagii and C,. equi. are practically identical in morphology 
and physiology, and should be combined into one species.
It was suggested that the first species named, C.. hoagii. be 
retained and that £. equi be considered a strain of that 
species.
xii
INTRODUCTION
The genus Corynebacterium as originally created (Lehmann 
and Neumann, 1&96) formed a simple group of animal-parasitic 
species characterized by irregular, often club-shaped, non- 
motile, non-sporogenous, Gram-positive to variable, non-acid 
fast bacilli with a predominantly aerobic mode of life. The 
type species, Corynebacterium diphtheriae. exemplified the 
properties of the genus.
There are now twenty-eight aerobic species recognized 
in Bergev* s Manual (Breed et al., 1957). Many of these 
species were originally placed in other genera, or have been 
transferred from one genus to another prior to their present 
classification in the genus Corynebacterium. Former generic 
names of these species include Bacillus and Bacterium (Migula, 
1900), Mycobacterium (Chester, 1901), Aplanobacter (Smith, 
1914)9 Pseudomonas (Hutchinson, 1917), Phvtomonas (Bergey 
et al., 1923), Erwinia (Bergey et al., 1930), Agrobacterium 
and Burkholderiella (Savulescu, 1947). Some of the species 
now included in the genus are strange bed-fellows of the 
type species.
The work of Jensen (1934) played an important part in 
expanding the genus to include soil forms and phytopathogenic 
forms. Plant pathologists followed the suggestion of Jensen 
and placed several phytopathogens in the genus (Skaptason and
1
2Burkholder, 1942; Dowson, 1942; Starr and Pirone, 1942; Burk­
holder, 194$ and Keyworth et al., 1956).
The expansion of the genus has not been without objection 
from several sources. Clark (1952) stated that the genus 
"Corynebacterium as currently defined has become an undesir­
able and an unwieldy genus".
The unsatisfactory classification of the organisms in 
this genus is indicated by the structure of the key to the 
identification of species as formulated in the latest edition 
of BergeyTs Manual (Breed et al., 1957). The use of the key 
depends on knowledge of the source of the culture to be iden­
tified. Taxonomic keys based on the source of a group of 
organisms, rather than on inherent and observable differences, 
indicate insufficient information to prepare such a key.
In view of the fact that a comparative study of both 
animal and plant parasitic species of the genus Corynebac­
terium has not been made, it was considered worthwhile to 
examine authentic cultures of all the available species of 
the genus. This thesis presents the results of such a study 
using forty-four cultures, representing twenty-three of the 
twenty-eight recognized aerobic species of the genus Corynebac­
terium. It has not been possible to obtain cultures of the 
five species not included in this study (C. murisepticum. C. 
phocae. C. humiferum, C. agropvri and C. hypertrophicans).
REVIEW OF LITERATURE
The review of the literature consists of two sections: 
first, a general review of publications pertaining to the 
genus Corynebacterium: and second, a review of the litera­
ture concerning each of the 28 aerobic species recognized 
in BergeyT s Manual of Determinative Bacteriology (Breed et 
al., 1957). Also included will be Corvnebacterium betae. 
described too late for inclusion in the 1957 edition of the 
Manual. This review will not be concerned with the numerous 
species of corynebacteria described in the literature which 
are not recognized by Bergeyrs Manual as members of the 
genus Corynebacterium. The serological relationships, nutri­
tional studies, and bacteriophages of corynebacteria are not 
included in this review.
CHARACTERISTICS OF THE GENUS CORYNEBACTERIUM
Morphology
The "classical" appearance of the corynebacteria is 
irregular morphology varying from long club- or wedge-shaped, 
occasionally branched rods, to short, almost coccoid cells 
(Mellon, 1917; Gilbert and Stewart, 1927; Jensen, 1934; and 
Conn and Dimmick, 1947). Bisset (1949» 1950) interpreted the 
club-shape as an artifact produced by fixation and staining,
3
4but Hewitt (1951) showed that the club-shape is also seen in 
living specimens studied by phase-contrast microscopy.
The occurrence of curved rods has been reported in cer­
tain members of the genus (Conn and Dimmick, 1947; Breed, 
Murray and Hitchens, 194&; and Wilson and Miles, 1955).
Morton (1940a, 1940b) showed that the extensive morphological 
variations in C. diphtheriae may be attributed to the age of 
the cells, the pH and the composition of the medium, oxygen 
tension, the method in which the medium was prepared, and to 
the symbiotic relationship with other organisms.
Alteration in the morphology of C.. diphtheriae grown on 
various media was observed by Smith and Jordan (1930), Grubb 
and Koser (1934), Grubb (1935), and Goldsworthy and Wilson 
(1942).
Metachromatic granules are considered characteristic of 
the type species although they may be absent in it, and pres­
ent in other species such as C.. pseudodiphtheriticum (Denny, 
1902; Morse, 1912; Eberson, 1918 and Christensen, 1949). 
Bisset (1949) believed the granules to be artifacts, but the 
fact that they can be seen in living cells (Hewitt, 1951) 
seems to disprove this view.
The presence of metachromatic granules depends upon 
nutritional conditions (Jensen, 1952). Goldworthy and Wilson 
(1942) stated that in bacteria grown on media containing gly­
cerol the metachromatic granules were more numerous, larger, 
and easier to stain.
A feature that is apparently typical of the whole group
5is the mechanism of cell division. Nakanishi (1901) de­
scribed the process in which cell division resulted in an 
incomplete separation and a "bending back” or angular arrange­
ment of the daughter cells. This phenomenon, called "snap­
ping division” by Hill and Rickards (1902), was shown by 
Graham-Smith (1910) to be characteristic of all corynebacteria. 
Jensen (1952) asserted that this "snapping division” is a 
"constant feature that runs through the whole group”.
Bisset (1949) suggested that snapping division and the 
cell arrangements which occur are artifacts resulting from 
physical stress in the medium caused by the use of a cover- 
slip. The ease with which the typical configuration of the 
cells can be observed on open agar plates (Jensen, 1934; 
Erickson, 194$) showed that this is not a fortuitous occur­
rence, but a distinctive characteristic of the corynebac­
teria. The observation by Wood (1950) of snapping cell 
division in Pseudomonas led Jensen (1952) to suggest "the 
possibility that this genus and possibly Rhizobium. may have 
its origin in the corynebacteria, perhaps among the motile 
plant pathogens”.
The multicellular nature of the parasitic corynebacteria 
was confirmed by phase-contrast observation of living cells 
by Hewitt (1951).
Branching may be seen in both the parasitic corynebac­
teria and the soil forms in stained and in living specimens 
(Bisset, 1949; Hewitt, 1951; Ramamurthi, 1957).
Nonmotility has been regarded as one of the cardinal
features of the genus Corynebacterium (Jensen, 1952). Topping 
(1937) found polar flagella in many soil organism that other­
wise resembled corynebacteria. Wood (1950) reported occasion­
al motile marine corynebacteria. He found that motility was 
readily lost on subculturing. Dowson (1942) and Starr and 
Williams (1952) reported soil and phytopathogenic corynebac­
teria to be motile. Clark and Carr (1951) observed motility 
in £. michiganense and fimi, two species hitherto regarded
as nonmotile. C. fimi is now classified as Cellumonas fimi
(Breed et al. , 1957). Keyworth, Howell and Dowson (1956) 
isolated a "coryneform" bacterium from beets (Beta vulgaris) 
suffering from "silvery” disease. The organism contained 
"three peritrichous flagella" and was named C. betae. Car­
rier and McCleskey (1961) reported C. vesiculare to be motile 
by one or possibly two polar flagella.
The placement of motile species in the genus Corynebac­
terium has given rise to objections (Conn and Dimmick, 1947; 
Clark, 1952). Conn and Dimmick were uncertain as to the 
placement of the motile forms. Clark suggested that the phy­
topathogenic corynebacteria should be removed from the genus 
Corynebacterium and recognized as a separate genus, possibly 
Corvnemonas. Starr (1955a) stated that no change in taxo­
nomic philosophy would need to be invoked, in view of the 
placement of motile species in several "non-motile" genera; 
for example, Streptococcus (Jensen, 1952) and Nocardia (Top­
ping, 1937; Orskov, 193B).
I
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Cultural Characteristics 
Most members of the aerobic corynebacteria grow on 
nutrient agar, although the growth of certain species is en­
hanced by blood serum (Evans, 1916; Brown and Orcutt, 1920).
Within the genus, colony morphology varies from a color­
less, thin film to a profuse, moist, slightly raised, opaque, 
creamy or pigmented growth with entire margins (Breed et al., 
1957). Certain species of corynebacteria, namely C. fas- 
cians. renale, and C. paurometabolum produce dry, some­
what granular, rugose colonies on agar (Lacey, 1936; Steinhaus, 
1941 and Breed et al., 1957). This has led Ramamurthi (1957) 
and others to question the validity of placing these species 
in the genus Corynebacterium.
Apparently there is no standard culture medium for the 
description of colony morphology of the corynebacteria.
Various media have been employed in the many attempts to find 
a medium on which C. diphtheriae can be typed (McGuigan and 
Frobisher, 1936; Frobisher, 1937; Tinsdale, 1947; Frobisher 
et al., 194#; Stoppelman, 194#). Moore and Parsons (195#) 
recommended the use of modified TrTinsdale' s" medium in the 
primary isolation of C. diphtheriae. Only colonies of C.. 
ulcerans (Gilbert and Stewart, 1926) and C. diphtheriae gave 
a distinctive reaction on this medium.
The typing of C. diphtheriae (Anderson et al., 1933) 
seems fraught with difficulty. Oeaing (1950) showed that a 
superficial change of type occurred in vitro. Typical 
gravis strains were shown to give off biochemically and
serologically typical mitis dissociants, mitis strains gave 
off gravis dissociants and intermedius strains yielded gravis 
dissociants. No dissociation from gravis or mitis toward 
intermedius was observed. According to McLeod (1943 )> pre­
vious workers have observed this variation within the types. 
He concluded that the three types "represent distinct races 
and that the numerous variant and atypical forms described 
are pseudo-types" resulting from variations in external con­
ditions .
Growth of the corynebacteria is more abundant in broth 
than on agar media. Some species are reported to produce 
a pellicle (Lacey, 1936; Steinhaus, 1941; Dowson, 1942; and 
Brooks and Hucker, 1944). Turbidity is generally low and is 
followed by sedimentation.
Utilization of Carbon Compounds
The fermentation of carbohydrates by members of this 
genus is apparently limited (Barret, 1924; Frobisher, 193#; 
Welsch and Thibault, 194#). Glucose is fermented by most 
of the animal parasites, with the exception of C,. equi, C. 
bovis and C,. pseudodiphtheriticum (Brooks and Hucker, 1944; 
Merchant, 1935; and Breed et al., 1957). According to 
Merchant and Packer (1956), C. equi utilizes glucose without 
the production of acid. Steinhaus (1941) isolated a diph­
theroid (C. paurometabolum) from the bedbug (Cimex lectu- 
larius) which failed to ferment carbohydrates. Busing, Doll 
and Freytag (1953) isolated two species of diphtheroids from
the medicinal leech, Hirudo medicinalis. which also failed to 
ferment carbohydrates. Carrier and McCleskey (1961) have 
questioned the validity of placing one of these organisms (C. 
vesiculare) in the genus Corynebacterium on the basis of its 
Gram-reaction and flagellation.
The plant pathogens are equally poor fermenters of car­
bohydrates (Breed et al., 1957). Most species, however, pro­
duce some acid, but no gas from glucose and maltose. 
Fermentation of sucrose has apparently not been tested with 
all of the phytopathogens. With those species tested, sucrose 
is always fermented. sepedonicum is reported to ferment
sugars vigorously (Snieszko and Bonde, 1943). Bhide (194&), 
in a comparative study of four phytopathogenic species, C. 
sepedonicum. C. flaccumfaciens, C_. insidiosum and C. michigan- 
ense, concluded that they ferment most carbon compounds 
except the pentoses and starch. Starch may or may not be 
weakly hydrolyzed by C. sepedonicum.
Knowledge of the fermentation products of the corynebac­
teria is very limited (Jensen, 1952; Alford, Wiese and Gunter, 
1955). Ramamurthi (1957) attributed this lack of knowledge 
to the slight amount of acid produced by most species, which 
renders this character taxonomically unimportant. The type 
species, C. diphtheriae. utilizes glucose, both fermentatively 
and oxidatively (Tasman and Brandwijk, 193&; 1940). Accord­
ing to Jensen (1952), De Wolff in 1927 showed that C. diph­
theriae ferments glucose to yield formic, acetic, propionic, 
lactic and succinic acids and a small amount of ethyl
10
alcohol. The work of DeWolff was confirmed by Tasman and 
Brandwijk (1933). Freidman (1940) studied a culture of C. 
diphtheriae that produced approximately sixty-two percent 
of the theoretical yield of lactic acid from glucose. Appar­
ently only one species, C. phocae, produces acetyl-methyl- 
carbinol (Svenkerud, Tosted and Thorshang, 1951)*
Utilization of Nitrogen Compounds
It is considered essential to have organic nitrogen in 
the medium for the growth of the animal parasitic corynebac­
teria (Mueller, 1933), and growth is better on media contain­
ing peptone (Braun, Hofmeier and Mundal, 1929; Jensen, 1952). 
Mueller (1940) has set out clearly the nitrogen requirements 
of C. diphtheriae. He found that aspartic or glutamic acid, 
cystine and tryptophane are essential for growth. Mueller 
and Kapnick (1935) showed that the more exacting strains may 
require as many as eight or more amino acids for growth.
The plant pathogenic corynebacteria are less exacting 
and utilize ammonium ion in the presence of certain acces­
sory factors (Starr, 1949)* According to Starr, none of the 
plant pathogenic corynebacteria grew in an ammonium chloride- 
glucose salts medium, without the addition of a vitamin 
mixture. Most of the species needed, in addition to the vita­
mins, casein hydrolysate. A few isolates grew well only when 
yeast extract was added to the casein hydrolysate-vitamin 
medium. C. fascians required the addition of thiamine to the 
ammonium chloride, glucose basal salts medium; C. flaccum- 
faciens and C. poinsettiae required the addition of amino
?
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acids, biotin, calcium, pantothenate, and thiamine. C. 
sepedonicum. C. insidiosum and C. michiganense required the 
addition of amino acids, biotin, nicotinic acid and thiamine. 
Some strains of C. sepedonicum and C.. insidiosum showed some 
stimulation of growth when yeast extract was added to the 
casein-vitamin mixture.
Proteolysis is apparently slight or absent in the 
corynebacteria, with few exceptions. C. pyogenes and some 
strains of C, renale (Merchant, 1935; Lovell and Harvey,
1950) and C. pseudodiphtheriticum hydrolyze peptones, gelatin, 
milk and serum proteins. Z. flaccumfaciens and C. poinset- 
tiae (Hedges, 1926; Starr and Pirone, 1942; Bhide, 194&) are 
reported to show proteolytic activity in gelatin and milk. 
Contrary to the description in Bergev* s Manual (Breed et al., 
1957), some strains of _C. diphtheriae have been reported to 
hydrolyze gelatin (Gilbert and Stewart, 1927; Henricksen 
and Grelland, 1952).
REVIEW OF THE SPECIES OF THE GENUS 
C 0 RYNE BA C TERIUM
A . Species Isolated from Animals 
1. Corynebacterium diphtheriae (Flugge, 1836) Lehmann and 
Neumann, 1896.
C. diphtheriae is the type species and will be con­
sidered in detail.
The first account of the diphtheria bacillus was given 
by Klebs (1883). He described its appearance in the false
12
membranes of patients suffering from diphtheria and named 
the organism Microsporum diphtheriticum because he considered 
the granules found in the diphtheria bacillus to be spores. 
According to Migula (1900), Flugge named the organism Bacil­
lus diphtheriae in 1B&6. Lehmann and Neumann (1&96) re­
designated it Corynebacterium diphtheriae.
Loeffler (1&34) isolated the bacillus, observed by 
Klebs, in pure culture from a number of cases of diphtheria. 
He was unable to prove that his bacillus was the causal 
agent of diphtheria because he found it in a normal throat 
and could not find it in all cases of diphtheria. The dis­
covery of diphtheria exotoxin by Roux and Yersin (18SS) 
eliminated all doubts as to the etiological relationship of
C. diphtheriae to the disease diphtheria. These workers 
prepared the exotoxin by filtering broth cultures of C. 
diphtheriae through a Chamberland filter. Injection of the 
sterile filtrate into animals caused the development of all 
symptoms produced by the living culture except the false 
membrane.
Roux and Yersin (l£&9) made the first detailed study 
of the conditions under which the diphtheria exotoxin was 
produced. Numerous reports on toxin production have been 
made in past years (Wadsworth and Wheeler, 1934; Pappen- 
heimer and Johnson, 1936; Muller, 1941; Pappenheimer, 1947). 
It has become clear only recently that corynebacteria with 
characteristics otherwise typical of C. diphtheriae may be 
nontoxigenic unless they have been lysogenized by specific
phage infection (Freeman, 1951; Groman, 1953; Groman and 
Memmer, 195 ^ )-
Morphology and staining. The diphtheria bacillus 
usually appears as a straight to slightly curved non-motile 
rod ranging from 1 to 3 microns in length and 0.3 to 0.8 
microns in width (Andrewes et al., 1923)* Cells are fre­
quently pleomorphic and show clubbed, granular, barred, 
wedge-shaped and solid staining forms. Wide variations are 
seen in the length and shape of individual cells in any cul­
ture. Cultures have been isolated that consist entirely of 
coccoid cells (Peters, 1897; Gilbert and Stewart, 1927; 
Saxholm, 1951). Branching forms have been found in the 
false membranes of patients with diphtheria and in the 
tissues of inoculated animals (Klein, 1894; Babes, 1895;
Hill, 1901; Hill, 1902). Abbott and Gildersleeve (1904) 
observed that branching occurred most often when the organism 
was grown on a slightly acidified egg medium.
The arrangement of C. diphtheriae is usually "character­
istically irregular, so that they have sometimes been com­
pared to Chinese characters" (Lehmann, Neumann and Breed, 
1931). Cells are arranged in the shape of outspread fingers, 
or of a Roman V and in palisades.
Attempts have been made to construct a classification 
of the strains of C. diphtheriae on morphological grounds.
The most extensive work along this line was carried out by 
Westbrook et al. (1898), and Westbrook, Wilson and McDaniel 
(1899). These authors, allowing that every culture consisted
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of a mixture of practically all the forms, considered it pos­
sible to place the strain in a given group due to the pre­
dominance of one type. This classification has noc been 
generally accepted, because of the realization that different 
batches of media cause variations in the proportions of the 
morphological types.
According to Lehmann, Neumann and Breed (1931), C. diph­
theriae is Gram-positive, but not intensely so in old cultures. 
Young cells stain well with all aniline dyes. Cultures grown 
on LoefflerTs blood serum and stained with alkaline methylene 
blue solution show alternate areas of stained and unstained 
material, called metachromatic granules by Loeffler (1884).
The granules retain the Gram-stain more than the remainder 
of the cell. The presence or absence of granules depends to 
a large extent on the growth medium (Mair, 1936; Goldworthy 
and Wilson, 1942; Jensen, 1932).
The presence or absence of granules in the three types 
of C. diphtheriae described by Anderson et al. (1931) was 
determined by Mair (1936). He found that the long form of 
the organism with well-marked granules is characteristic of 
the mitis type, the short form with or without granules is 
characteristic of the gravis type, and the intermedius type 
is typified by barred staining.
Endospores are not produced by C. diphtheriae (Loeffler, 
1884).
Conditions for growth. C. diphtheriae is aerobic to 
facultative, but growth is best in an abundance of oxygen.
The optimum growth temperature is 37° C but growth occurs 
between 18° and 40° C (Loeffler, 1884). The thermal death 
time is from one to three minutes at 50° C (Gilbert and 
Stewart, 1927; Morton, 1940).
Characteristics on solid media. Growth on Loefflerfs 
blood serum is rapid and after eighteen to twenty-four hours 
incubation, small, round, smooth, glistening colonies occur 
which are ivory-white or ochre-yellow in color (Loeffler, 
1884; Lehmann et al., 1931). According to Hill (1903) 
repeated subcultures on serum may lead to increased pigment 
production, so that bright yellow, pink or dark brown to 
black cultures are produced.
Variations in colony formation by C.. diphtheriae were 
reported shortly after the original description by Loeffler 
(Klein, 1890; Cobbett and Phillips, 1897; Hammerschmidt, 
1924; Parker, 1928).
The English workers, Anderson et al. (1931 and 1933) 
claimed that C. diphtheriae could be classified into three 
types: gravis, mitis and intermedius, when grown on a
special chocolate tellurite medium. The characteristics of 
the three types were summarized as follows: type gravis
forms a gray or gray-black colony in forty-eight hours; in 
broth it produces an early alkaline reaction, a pellicle 
and granular deposit; it is non-hemolytic and ferments dex­
trin, starch and glycogen; type mitis forms a black colony 
in forty-eight hours, it produces uniform turbidity and a 
1 later alkaline reaction in broth, is hemolytic and does not
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ferment starch or glycogen; type intermedius forms a flat 
colony with a black raised center and translucent margin, 
granular growth in broth and neither starch nor glycogen is 
fermented. Gordon and Higginbottom (1942) reported that the 
intermedius type produced a characteristic olive-green color 
on heated rabbit blood agar reinforced with rabbit serum.
The green coloration was not produced by the other types.
In America, Morton (1940b) obtained a variety of colony 
forms, namely, the smooth (S), intermediate (SR), rough (R), 
and dwarf (D) colony forms. His S colony apparently corre­
sponds to mitis and his SR to gravis. The D colony probably 
corresponds to the minimus type studied by Parsons and Fro­
bisher (1951)*
Atypical strains varying from the well-defined types 
have been described by Menton et al. (1933)» Murray (1935), 
McCleod (1943) and Carter (1946). McCleod (1943) stated 
that a small percentage of strains do not correspond closely 
to any of the three types. The variant strains are found 
most often in areas where diphtheria is of mild severity.
Attempts have been made to find a tellurite-containing 
medium suitable for differentiating C. diphtheriae from other 
tellurite-reducing organisms (Clauberg, 1929 and 1931;
McGuigan and Frobisher, 1936; Frobisher, 1937). Tinsdale 
(1947) introduced a tellurite medium for isolation and identi­
fication of C. diphtheriae based on hydrogen sulfide produc­
tion. He found that’C. diphtheriae was the only organism 
that gave a brown halo around the black to gray colonies.
I
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Moore and Parsons (1958) made an extensive study of a modi­
fied Tinsdale's medium and confirmed the work of Tinsdale. 
They concluded that the halo was specific and stable, appear­
ing only around colonies of C. ulcerans (Gilbert and Stewart, 
1927) and C,. diphtheriae.
Hemolytic activity is variable on blood agar (Schwoner, 
1904; Hammerschmidt, 1924; Heeren and Megrail, 1930; Ander­
son et al., 1934; Robinson, 1934; Hewitt, 1947). Hewitt 
found that hemolysis occurred only in the presence of living 
cells and that it was variable from type to type. He found 
two-thirds of recently isolated mitis strains and approxi­
mately half the gravis strains had some degree of hemolytic 
activity, but no intermedius strains were hemolytic.
Characteristics in liauid media. The gravis type pro­
duces a pellicle and granular sediment in broth, the inter­
medius type produces a granular sediment, and the mitis 
type produces uniform turbidity (Anderson et al., 1931 and 
1933).
Biochemical tests. Urea is generally not hydrolyzed 
by C. diphtheriae (Merkel, 1941) but there are exceptions 
(Gilbert and Stewart, 1927; Saxholm, 1951; Henriksen and 
Grelland, 1952).
Breed et al. (1957) stated that nitrites are produced 
from nitrates, but the reduction of nitrates is variable as 
reported by Gilbert and Stewaft (1927), Frobisher (1938) and 
Saxholm (1951).
Gelatin is generally not liquefied, although there are
IS
exceptions (Gilbert and Stewart, 1927; Saxholm, 1951). Litmus 
milk is unchanged by C. diphtheriae (Kendall, Day and Walker, 
1914; Andrewes et al., 1923).
Acetylmethylcarbinol is not produced (Frobisher, 1938; 
Henriksen and Grelland, 1952); the methyl red reaction is 
positive (Henriksen and Grelland, 1952).
Indol is not formed (Zipfel, 1912 and 1913; Herzfeld and 
Klinger, 1915; Gilbert and Stewart, 1927; Frobisher, 1938; 
Saxholm, 1951; Henriksen and Grelland, 1952). The test with 
sulfuric acid and potassium nitrate (Palmirski and Orlowski, 
1S95) may be positive, due to the formation of indolacetic 
acid (Zipfel, 1913), which probably accounted for the posi­
tive reports on indol formation by early workers (Andrewes 
et al., 1923)•
Hydrogen sulfide is produced only in special media 
(Lehmann and Neumann, 1901; Frobisher, 1938; Tinsdale, 1947; 
Moore and Parsons, 1958).
According to Frobisher (1938), fibrinolysin and coag- 
ulase are not produced, nor is sodium hippurate hydrolyzed.
Bray (1944) reported that it is possible to differentiate 
C. diphtheriae from the common diphtheroids isolated from 
human sources by applying the phosphatase test. C. diphtheriae 
did not hydrolyze phenolphthalein phosphate, whereas many of 
the diphtheroids did.
Carbohydrate utilization. Andrewes et al. (1923), and 
Morton (1940a) gave a historical survey of the development 
of fermentation tests for the diphtheria bacillus and the
f
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diphtheroids. All reports agree that glucose and fructose 
are fermented by C. diphtheriae with the production of acid 
only. Dextrin is usually fermented. Sucrose is usually not 
attacked, although there have been reports of strains that 
consistently ferment sucrose (Martin, 1&9&; Fitzgerald and 
Doyle, 1923; Wright and Rankin, 1932).
Anderson et al. (1931» 1933) reported qualitative dif­
ferences in the fermentation of starch, glycogen and dextrin 
by their three types of C. diphtheriae. Mitis and inter­
medius types do not ferment starch and glycogen and were 
variable in the fermentation of dextrin. They reported that 
gravis always fermented starch. There are conflicting re­
ports concerning the fermentation of starch and glycogen. 
Wright and Rankin (1932), Carter (1933) and Ewing (1933) 
reported gravis strains that failed to ferment starch and 
glycogen, and mitis and intermedius strains that fermented 
both of these compounds. Knox and Passmore (193&) found no 
difference in the oxygen uptake of gravis and mitis types 
when glucose and glycogen were used as substrates. They 
tested the strains in the usual way with glycogen in fermen­
tation tubes, and found that gravis produced a strongly acid 
reaction and mitis remained neutral. They attributed the 
discrepancies to differences in aeration within the tubes.
According to Hehre, Carlson and Neil (1947), C. diph­
theriae contains a phosphorylase and produces starch-like 
material from glucose-l-phosphate. These authors suggested 
using chis "as a descriptive and perhaps as a differential
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feature for C.. diphtheriae”. The work was confirmed by- 
Carrier and McCleskey (1962), who found that in addition to 
C. diphtheriae, several other species of corynebacteria pro­
duced a starch-like material from glucose-l-phosphate. They 
concluded that this feature may be used as a descriptive, if 
not a differential feature for C. diphtheriae.
Jacherts (1957) and Iida et al. (1953) devised a medium 
called DSS (Dextrose-Starch-Saccharose Agar) for the differ­
entiation of diphtheriae from allied diphtheroid bacilli. 
Differentiation was based on fermentation of glucose, and 
non-fermentation of sucrose by C. diphtheriae.
Pathogenicity. C.. diphtheriae, the etiological agent
of diphtheria in man, is pathogenic to rats (Agarwal and 
Pryce, 1959)> guinea pigs, rabbits, cats, dogs, young chicks 
and pigeons (Loeffler, 13&4; Andrewes et al., 1923; Branham, 
Grabowski and Riggs, 1957).
2. Corynebacterium enzvmicum (Mellon, 1917) Eberson, 1913.
Mellon (1916) isolated an organism from the lungs of a 
patient who complained of a chronic cough and loss of weight. 
He described and named the organism Bacillus enzvmicus in 
1917. Eberson (1913) renamed the organism Corynebacterium 
enzymicum.
Morphology and staining. Mellon (1916, 1917, 1920) 
described C.. enzymicum as a Gram-positive rod, definitely 
pleomorphic and showing coccoid forms. The organism is non- 
motile and does not produce spores. Much controversy arose
over Mellonfs report (1917) that £. enzvmicum was a diph­
theroid when grown on solid media and a coccus when grown in
liquid media. Eberson (1915) reported that Mellon's culture 
was a mixture of two bacteria, a bacillus and a coccus. His 
photographs presented evidence that the culture in question 
was not pure. Mellon (1920) studied pure cultures started 
from a single cell and confirmed his earlier work. Mellon 
attributed the various morphological changes in C. enzvmi nim 
to "responses of a sensitive organism to a medium of varying 
chemical constitution”.
Conditions for growth. £. enzymicum is a facultative 
anaerobe. The optimum growth temperature is 37° C, but 
growth occurs at room temperature. The thermal death point 
is 55° to 60° C, for three minutes.
Characteristics on solid media. According to Mellon 
(1917), the bacillary form develops very small, transparent 
colonies after twenty-four to forty-eight hours on blood 
agar, and finally becomes translucent to gray. Growth of 
the coccoid form is luxuriant, coalescent, yellowish white 
and moist on any medium. Potato does not support growth of 
either form.
Characteristics in liquid media. Mellon (1917) re­
ported that the bacillary form produced sparse, granular 
growth and sediment in glucose broth. The coccoid form 
showed a diffuse, luxuriant growth in glucose broth.
Biochemical tests. According to Mellon (1917, 1918),
,C. enzym-i num acidifies litmus milk in twenty-four hours and
22
brings about marked coagulation in forty-eight to seventy-two 
hours; gelatin and coagulated blood serum are not liquefied; 
indol is not produced, and there is slight production of 
nitrites from nitrates.
Carbohydrate utilization. All strains of C,. enzvmicum 
ferment glucose, maltose, lactose and dextrin. Fermentation 
of sucrose, glycerol, mannitol, salicin, and raffinose is 
variable (Mellon 1917, 1918 and Andrewes et al., 192j).
Pathogenicity. According to Mellon (1917), C. enzvmi­
cum is pathogenic to guinea pigs, rabbits and mice.
3. Corynebacterium hoagii (Morse, 1912) Eberson, 1918.
Hoag (1907) described an organism obtained from human 
sources (lung, sputum, liver, kidney, etc.), and called it 
bacillus nX,T. Morse (1912) suggested that bacillus ”XTT be 
designated Bacillus hoagii. Eberson (1918) redesignated 
the organism Corynebacterium hoagii.
Morphology and staining. Hoag (1907) and Bergey et al. 
(1925 )j described C.. hoagii as a small bacillus measuring 
0.3 to 1.0 by 1.0 to 3*0 microns, the cells are pleomorphic 
with palisade and V arrangements. According to Hoag (1907), 
some types show small bipolar granules, while others are 
free of granules.
Young cells stain well with all common dyes and are 
Gram-positive. Older cells tend to stain Gram-variable.
Cells are non-motile, and capsules and spores are not 
produced.
I
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Conditions for growth. C. hoagii is aerobic and has an 
optimum growth temperature of 30° C.
Characteristics on solid media. Colonies on blood serum 
are moist and creamy, pale pink in color, turning faint buff 
with age. The pigment is apparently not water soluble, since 
Hoag stated that "media are not usually stained until growth 
is very old".
Agar colonies are small, pale pink, dull, granular and 
entire. A salmon pink or salmon buff pigment is readily pro­
duced on potato agar.
Characteristics in liquid media. Marked turbidity, 
with or without a pellicle or marginal ring growth is pro­
duced in broth.
Biochemical tests. According to Bergey et al. (1925), 
indol is not produced and nitrates are not reduced. Gelatin 
and coagulated blood serum are not liquefied (Hoag, 1907).
Carbohydrate utilization. Glucose, sucrose and maltose 
are fermented with the production of acid, but no gas. Lac­
tose, dextrin, mannitol and inulin are not fermented (Hoag, 
1907). Morse (1912) reported that glucose and sucrose are 
fermented, while maltose, glycerol and dextrin are not. 
According to Breed et al. (1957), acid is produced from glu­
cose and sucrose, but not from maltose.
Pathogenicity. C. hoagii is not pathogenic for guinea 
pigs, rabbits and white mice (Hoag, 1907).
1+. Corynebacterium striatum (Chester, 1901) Eberson, 191&.
Chester (1901) named the organism Bacillus striatum and
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Morse (1912), in a comprehensive study, gave this species of 
diphtheroid the name B. flavidus. Eberson (1918) stated that
B. flavidus was invalid as a species designation and he re­
designated the organism Corynebacterium striatum.
striatum was originally isolated from human throats 
(Chester, 1901) but it was also found in the udder of cows 
with mastitis (Peterson-Munch, 1954).
Morphology and staining. Morse (1912), Eberson (1918), 
and Petersen-Munch (1954) agreed that C. striatum is a Gram- 
positive, pleomorphic rod measuring approximately 0.25 to 
0.5 microns by 2 to 3 microns; many coccoid and long filamen­
tous forms, which increase with the age of the culture, are 
present; the cells may contain large metachromatic granules 
arranged so as to give a barred or striated appearance. Club- 
shaped cells may be present.
The organism is non-motile, non-acid fast and does not 
produce spores.
Conditions for growth. C.. striatum is aerobic to facul­
tative and has an optimum growth temperature of 37° C. Accord­
ing to Petersen-Munch (1954), the thermal death point is 60°
C for five minutes, using a "twenty-four hour" broth culture.
Characteristics on solid media. Agar colonies are cir­
cular, white, smooth, entire and show a "heaped-up" appear­
ance. Agar "shake" cultures and gelatin stabs show good 
growth throughout the medium.
Citrate agar shows fair growth, similar to that on agar. 
Potato supports doubtful growth after three weeks. Loefflerfs
blood serum shows moderate, slightly raised, opaque and erose 
growth.
Blood agar shows hemolysis around deep but not surface 
colonies. Petersen-Munch (1954) reported that filtrates of 
C.. striatum protected ox and sheep red blood cells from the 
hemolytic activity of staphylococcal beta-toxin.
Characteristics in liquid media. Broth, with or without 
added serum, shows excellent growth in twenty-four hours. A 
finely granular, white sediment, and a clear supernatant are 
formed. There is no surface growth or pellicle.
Biochemical tests. Indol, acetylmethylcarbinol, and 
ammonia are not produced. The methyl red reaction is variable. 
Nitrites are not produced from nitrates. Hydrogen sulfide 
production is slight or negative. The organism is catalase- 
positive.
Carbohydrate utilization. Acid, but no gas, is produced 
from dextrin, glycogen, mannose, fructose, trehalose and glu­
cose. Acid is usually produced from galactose, lactose, mal­
tose and starch, and occasionally from sucrose, glycerol and 
mannitol. No acid is produced from arabinose, rhamnose, 
raffinose, inulin, salicin, amygdalin, erythritol, adonitol, 
dulcitol, sorbitol and inositol.
Pathogenicity. C. striatum is fatal to guinea pigs and 
usually mice, and apparently pathogenic to cows, causing 
mastitis.
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5. Corynebacterium pseudotuberculosis {Buchanan, 1911) Eber­
son, 191C.
Preisz (1&94) and Nocard (IB96) isolated an organism, 
named Bacillus pseudotuberculosis ovis, from sheep kidney 
lesions and ulcerative lymphangitis of horses. Buchanan 
(1911) named the organism Bacillus pseudotuberculosis and 
Eberson (191B) renamed it Corynebacterium pseudotuberculosis.
Morphology and staining reactions. Cells are slender, 
Gram-positive rods, measuring 0.5 to 0.6 by 1.0 to 3.0 
microns, quite pleomorphic with club-shaped and small, coc­
coid forms; granular and striated cells are observed usually 
in pairs and clusters (Buchanan, 1911; Bergey et al., 1925).
Conditions for growth. The organism is aerobic and 
facultative; it has an optimum growth temperature of 37° C, 
and a thermal death time of fifteen minutes at 60° C.
Characteristics on solid media. Agar colonies are 
small, gray, cream to orange colored, raised and dry.
Hemolysis on blood agar is variable, and both hemolytic 
and non-hemolytic colonies are found in most strains.
Characteristics in liquid media. A granular sediment 
and a dry, rigid grayish-white pellicle are produced in 
broth, without turbidity. The pellicle falls to the bottom 
of the tube upon slight agitation (Carne, 1939).
Biochemical tests. Indol and acetylmethylcarbinol are 
not produced (Merchant, 1935). The methyl red reaction is 
variable and weak. Nitrates are generally not reduced.
The production of hydrogen sulfide is variable; thirty-six
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of sixty strains were positive for hydrogen sulfide when 
tested in deep tubes of lead acetate agar. According to 
Tobin and Morse (1957), urea is hydrolyzed.
Litmus milk is unchanged, and gelatin and coagulated 
blood serum are not hydrolyzed.
Carbohydrate utilization. Carne (1939) made a survey 
of the reported fermentation reactions of C. pseudotubercu­
losis and found all workers agreed that glucose is always 
fermented, and that fructose, galactose, sucrose, maltose and 
dextrin are usually fermented. In addition, Carne tested 
fifty strains and found that all fermented glucose, fructose, 
galactose and glycerol. Variable results were obtained with 
maltose, lactose, mannitol and dulcitol. Soluble starch was 
not fermented.
Carrier and McCleskey (1962) reported that C. pseudo- 
tuberculosis produced an intracellular starch-like material 
when grown in the presence of glucose-l-phosphate and common 
starch; dextrins, glycogen, trisaccharides, disaccharides 
and monosaccharides would not serve as a substrate for its 
formation.
Pathogenicity. C. pseudotuberculosis is pathogenic in 
sheep, horses, cattle, deer, guinea pigs, rabbits and mice 
(Preisz, 1894; Nocard, 1896; Buchanan, 1911; Merchant, 1935; 
Carne, 1939; Kelser and Schoening, 1948).
6. Corynebacterium xerosis Lehmann and Neumann, 1899.
Kuschbert and Neisser isolated the first diphtheroid 
from the human eye in 1883 and named the organism "Bacillus
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der xerosis". Lehmann and Neumann (1399) renamed the bacil­
lus Corynebacterium xerosis. This organism has been isolated 
many times since the report of Kuschbert and Neisser (Lehmann 
and Neumann, 1399; Denny, 1903; Eberson, 1913; Andrewes et al., 
1923; Burrows, 1963).
Morphology and staining. According to Lehmann and 
Neumann (1399) and Denny (1903), xerosis is a Gram-posi­
tive, non-motile rod, showing bipolar staining, with an 
occasional club-shaped form present. Eberson (1913) stated 
that C. xerosis resembled C. diphtheriae very closely. Cum­
mings and Harris (1956) reported that the cell wall of C. 
xerosis is identical in composition to those of C. diphthe­
riae , C.. pseudodiphtheriticum and C. ulcerans; all contained 
arabinose, galactose, an unknown "hexosamine", glucosamine, 
alanine, glutamic acid and diaminopimelic acid.
Conditions for growth. C.. xerosis is aerobic to facul­
tative, and has an optimum growth temperature of 37° C.
Growth is very slow at 13° to 25° C (Eberson, 1913).
Characteristics on solid substrates. Growth of C. 
xerosis is very delicate on solid substrates according to 
Eberson (1913). Bergey et al. (1925), reported that agar 
colonies are minute, circular, almost transparent, raised, 
smooth and pearly white. Agar slants show a thin, grayish, 
limited growth.
Loeffler's blood serum shows adherent, dry, scaly, thin 
and grayish growth (Andrewes et al., 1925).
Potato does not support growth (Denny, 1903).
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Characteristics in liquid media. According to Lehmann 
and Neumann (1899)j C. xerosis forms a slight, granular sedi­
ment with a clear supernatant in broth.
Biochemical tests. Indol is not formed, and nitrites 
are not produced from nitrates. Litmus milk is unchanged.
Carbohydrate utilization. Acid, but no gas, is produced 
from glucose, fructose, galactose, maltose and sucrose, 
according to Eberson (1918) and Bergey et al. (1925).
Pathogenicity. The organism has been implicated as the 
etiological agent of a form of conjunctivitis known as 
xerosis in humans (Kuschbert and Neisser, 1883; Denny, 1903; 
Eberson, 1918), but according to Andrewes et al. (1923),
Breed et al. (1957), and Burrows (1963) the etiological re­
lationship of C.. xerosis to conjunctivitis is uncertain.
7. Corynebacterium pyogenes (Glage, 1903) Eberson, 1918.
Lucet (1893) isolated an organism, which he named Bacil­
lus liquefaciens pyogenes. from cases of suppuration, cold 
abcesses, traumatic abcesses and septicemia in cows. Lucetfs 
description of B. liauefaciens pyogenes agreed with that of 
Bacillus pyogenes of Glage (1903), Corynebacterium pyogenes 
of Eberson (1918) and later with the description of C. pyogenes 
of Brown and Orcutt (1920), Merchant (1935) and Ryff and 
Browne (1954).
Morphology and staining. The above workers all agreed 
that C. pyogenes is a slender, Gram-positive rod, measuring 
0.2 to 3-0 by 0.2 to 0.3 microns; quite pleomorphic, often
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coccoid, club-shaped or slightly curved. According to Ryff 
and Brown (1954), immediately following primary isolation,
C. pyogenes has the shape of small cocci, which may be in 
chains. Later the cells appear as short, plump rods, with 
only an occasional spherical form.
C. pyogenes is non-motile and does not produce spores 
or capsules.
Cummins and Harris (1956) reported a consistent differ­
ence in cell-wall composition between C. pyogenes and C.. 
diphtheriae. C. xerosis and C. ulcerans. Cell walls of £. 
pyogenes contained rhamnose and lysine, whereas the other 
diphtheroids contained arabinose, galactose, glucosamine, 
alanine, glutamic acid, diaminopimelic acid and an unknown 
"hexosamine". They found the cell wall composition of C. 
pyogenes to closely resemble that of streptococci of Lance- 
field’s group A, and suggested that C. pyogenes should be 
considered as a streptococcus instead of a corynebacterium. 
Maclean, Liebow and Rosenberg (1946) observed the close 
resemblance of C.. pyogenes to the streptococci and reported 
their growth on blood agar and in broth was very similar.
Conditions for growth. C_. pyogenes grows aerobically 
and anaerobically. The optimum growth temperature is 37° C 
and the growth range is 20° C to 40° C (Ballard, Upsher and 
Seeley, 1947).
Characteristics on solid media. Growth is very poor or 
absent on conventional peptone agar. According to Brown and 
Orcutt (1920) and Merchant (1935), C. pyogenes is not
f
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hemoglobinophilic, although growth is greatly favored by pro­
teins such as egg albumin, serum or blood.
Blood agar supports good growth and colonies are sur­
rounded by a definite zone of beta-hemoiysis. Lovell (1941) 
reported that C. pyogenes produces a heat labile hemolysin.
Ruff and Browne (1954), reported that C.. pyogenes may lose 
the ability to hemolyze blood upon prolonged cultivation.
Colonies on serum agar are minute, round, entire, 
slightly raised, streptococcus-like colonies. After pro­
longed incubation, the colonies slowly enlarge and become 
opaque, slightly granular and dry (Kelser and Schoening,
194#). A small depression is formed under each colony.
Characteristics in liquid media. Growth is very slight 
or absent in nutrient broth. Ballard, Upsher and Seeley (1947) 
reported that C. pyogenes grows in plain broth only in asso­
ciation with Staphylococcus aureus.
Merchant (1935) described the growth of C. pyogenes in 
serum broth as "light powdery flakes on the walls, and a 
fine granular sediment in the bottom of the tube. The liquid 
remains clear". Brown and Orcutt (1920) stated that serum 
broth becomes cloudy at first, followed by the formation of 
a fine, flocculent, grayish sediment.
Biochemical tests. Indol, hydrogen sulfide and acetyl- 
methylcarbinol are not produced. The methyl red reaction is 
negative. Nitrates are not reduced to nitrites. Litmus, 
methylene blue and neutral red are reduced (Eberson, 191#;
Brown and Orcutt, 1920; Merchant, 1935).
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Coagulated blood serum is slowly liquefied in forty- 
eight hours. Milk is coagulated in approximately forty-eight 
hours, with the formation of acid in the bottom of the tube. 
The curd is slowly digested with the formation of whey.
Serum gelatin is liquefied. Ryff and Browne (1954) reported 
that C. pyogenes may lose the ability to liquefy gelatin upon 
prolonged cultivation.
Maclean et al. (1946) reported that £. pyogenes is cata- 
lase negative, while the "other corynebacteria are catalase 
positive".
Carbohydrate utilization. Brown and Orcutt (1920) 
reported that acid, but no gas is produced in serum broth 
from glucose, sucrose, lactose and xylose, but not from raf- 
finose, inulin, mannitol or salicin. Merchant (1935) re­
ported that fructose, galactose, mannose, maltose and dextrin 
are also fermented. Trehalose is slowly fermented, according 
to Ballard et al. (1947).
Pathogenicity. The organism is usually fatal to rabbits 
and mice, but not guinea pigs. C. pyogenes has been isolated 
from bovine pus (Lucet, 1&93) and from humans by Forgeot, 
Halbron and Levy-Bruhl (1940) and Ballard et al. (1947). 
According to Lovell (1937, 1939 and 1941), C_. pyogenes forms 
a weak exotoxin distinct from diphtheria toxin.
S. Corynebacterium murisepticum von Holzhausen, 1927-
von Holzhausen (1927) isolated C. murisepticum from the 
blood, liver, spleen and other organs of mice dead of
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septicemia. No other workers have reported studies on this 
species and the description below is from von Holzhausen.
Morphology and staining. The cells are Gram-positive, 
slender rods, measuring 1.2 to 1.5 microns in length; they 
show polar granules when taken from the animal body, but not 
when taken from artificial media. Long filaments may be 
formed in culture. Spores are not produced and the cells 
are non-motile. Cells stain well with all basic aniline dyes 
and are non-acid fast.
Conditions for growth. C. murisepticum grows both 
aerobically and anaerobically, but growth is better under 
aerobic conditions. The optimum growth temperature is 37° C, 
but growth occurs at 6° C and at room temperature. The 
thermal death time is 60° C for twenty minutes.
Growth on solid media. Two types of colonies are 
formed on agar. The colonies of the smooth type are circu­
lar, entire, transparent, soft, non-granulated and butyrous. 
Cells from the smooth colonies are rod shaped. The rough 
colonies are round, granular, flat, lobate, and light gray 
in color. Cells from the rough colony are long rods and 
filaments. According to von Holzhausen, the two types are 
biochemically and pathogenically identical.
Gelatin stab shows feeble growth after twenty-four 
hours, increasing to a thick fimbriate outgrowth along the 
line of stab.
Loeffler?s blood serum and glycerol agar supports good 
growth. There is no hemolysis on blood agar.
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Growth in liquid media. Broth becomes turbid after 
twenty-four hours. Potato and egg broth show good growth.
Biochemical tests. Indol is not produced and hydrogen 
sulfide is distinctly positive after five hours, using the 
lead acetate strip method. Litmus milk is rendered acid, 
but is not coagulated.
Carbohydrate utilization. Acid is produced from glu­
cose, fructose, galactose, maltose, lactose, sucrose, inulin 
and mannitol, but not from dulcitol and arabinose.
Pathogenicity. C. murisepticum is pathogenic to white 
and gray mice, but not to guinea pigs, rats, dogs and rabbits.
9. Corynebacterium renale (Migula, 1900) Ernst, 1905*
Enderlen (1&91) described an organism obtained from 
pyelitis of cows and Migula (1900) named it Bacterium renale. 
Ernst (1905) renamed the organism Corynebacterium renale.
Morphology and staining. C. renale is a Gram-positive 
rod measuring 0.7 by 2 to 3 microns. Jones and Little (1926) 
reported that cells "from the tissues are net as pleomorphic 
as those from the earlier transfer cultures, although many 
may show polar granules or swollen ends”. Cultures grown in 
broth are the most variable and show many coccoid forms and 
beaded rods with swollen ends. An occasional "stalk with 
rudimentary branches" was reported by Jones and Little (1926).
Conditions for growth. The organism is aerobic to facul­
tative and has an optimum growth temperature of 37° C (Ernst, 
1905). The thermal death point is 60° to 65° C for ten
m$
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minutes (Kelser and Schoening, 194&).
Characteristics on solid media. According to Jones and 
Little (1926), agar colonies are dry, granular, and cream to 
grayish-white or pale yellow. Merchant (1936) reported the 
colonies of renale to be moist, irregular and cream- 
colored, becoming "dryer" with age.
There is no marked improvement in growth upon the addi­
tion of blood or serum to agar media. Blood agar plates do 
not show hemolysis.
Potato supports a grayish-white to "dingy" yellow growth 
and the potato is colored brown.
Characteristics in liquid media. Broth cultures show a 
"faint surface veil" after twenty-four hours, followed by a 
sediment and a clear supernatant (Lovall, 1946).
Biochemical tests. Urea is hydrolyzed rapidly. The 
methyl red reaction and production of acetylmethylcarbinol 
is variable. Casein is hydrolyzed and litmus milk is ren­
dered alkaline after two or three days (Lovall, 1946). 
According to Jones and Little (1926), £. renale reduces 
litmus and coagulates milk, starting in the bottom of the 
tube. An alkaline reaction is produced in the upper portion 
of the tube and coagulation proceeds slowly. The coagulum 
is slowly digested.
Carbohydrate utilization. Acid is produced only from 
glucose, according to Jones and Little (1926) and Lovell 
(1946). Merchant (193 5) reported that some strains produce 
acid from fructose and mannose. No acid is produced from
arabinose, xylose, galactose, sucrose, lactose, maltose, 
dextrin, inulin, salicin, dulcitol, mannitol and glycerol.
Carrier and McCleskey (1962) reported the production 
of intracellular starch-like material by C. renale when 
grown in the presence of common starch. No other substance 
tested would serve as a substrate for the formation of the 
starchy material.
Pathogenicity. C.. renale is pathogenic for mice 
(Lovell and Cotchin, 1946) and for rabbits (Feenstra, Thorp 
and Gray, 1949)* The organism occurs in purulent infections 
of the urinary tract iri cattle, sheep, horses and dogs 
(Ernst, 1905; Jones and Little, 1926; Merchant, 1935). Mer­
chant (1935) reported a close serological relationship be­
tween C. renale and C.. pseudotuberculosis.
10. Corynebacterium kutscheri (Migula, 1900) Bergey et al., 
1925.
Kutscher (1894) described Bacillus pseudotuberculosis 
murium isolated from caseous lesions in the lungs of mice. 
Migula (1900) named the organism Bacterium kutscheri in honor 
of Kutscher. Chester (1901) called the organism Mycobac­
terium pseudotuberculosis. Bergey et al. (1925), redesig­
nated the organism Corynebacterium kutscheri. This name has 
not been accepted by some, who refer to the organism as £. 
murium (Wilson and Miles, 1955; Bicks, 1957; Lawrence, 1957).
Morphology and staining. Bicks (1957) described the 
organism as short or long, slender, Gram-positive pleomorphic
f
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rods, often with clubbed ends and occurring in typical 
"Chinese-letter" arrangement. Cells stain irregularly with 
methylene blue and Neisser's stain, and show barring and 
fairly numerous granules. Bergey et al. (1925), reported 
the cells to have pointed ends and to stain irregularly.
Conditions for growth. C. kutscheri is aerobic and has 
an optimum growth temperature of 37° C.
Characteristics on solid media. Agar colonies are small, 
thin, yellowish-white, translucent and serrate. Growth on 
agar slants is thin, white and translucent (Bergey et al., 
1925).
Blood agar colonies are about one mm in diameter after 
twenty-four hours, circular, entire, convex, creamy-white, 
with a smooth, glistening surface and butyrous in consis­
tency. No hemolysis is produced (Bicks, 1957).
There is no growth on MacConkeyfs and Shigella-Salmon- 
ella agar, nor on potato.
Abundant growth occurs on Loeffler’s blood serum.
Characteristics in liquid media. Slight turbidity and 
ammonium magnesium phosphate crystals are formed in broth, 
according to Bergey et al. (1925). Bicks (1957) reported 
the formation of a coarse, granular sediment and a clear 
supernatant in broth.
Biochemical tests. Indol is not produced. According to 
Bergey et al. (1925), nitrates are not reduced, but Bicks 
(1957) reported the production of nitrites from nitrates, 
and the formation of hydrogen sulfide by C. kutscheri.
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Litmus milk is unchanged, and gelatin and -coagulated 
blood serum are not liquefied (Bicks, 1957).
Carbohydrate utilization. Acid, but no gas, is produced 
from glucose, fructose, sucrose, maltose, mannose and salicin, 
but not from lactose, mannitol, galactose, arabinose, inulin, 
dextrin and mannitol (Bergey et al., 1925; Andrewes et al., 
1925; Topley and Wilson, 1955; Bicks, 1957).
According to Carrier and McCleskey (1962), C. kutscheri 
produces a starchy material from glucose-l-phosphate with the 
release of inorganic phosphate. They also found that intra­
cellular starch was formed when the organism was grown in the 
presence of common starch, but not in the presence of other 
carbohydrates.
Pathogenicity. C_. kutscheri is pathogenic for mice, 
producing grayish-cream, caseous lesions in the lungs and 
liver (Bicks, 1957, and Lawrence, 1957). The organism is not 
pathogenic for guinea pigs (Andrewes et al., 1925).
11. Corynebacterium phocae Svenkerud et al., 1951.
Svenkerud, Rosted and Thorshang (1951) isolated a "Gram- 
positive rod-shaped bacterium from the morbid processes" 
occurring in seals and named it Corynebacterium phocae. The 
organism apparently causes an "erysipeloid" type infection 
in the seal, and a disease of man called "blubber finger".
Morphology and staining. Murray (1957) made a study of 
cultures supplied by Svenkerud et al. (1951)> and described 
Phocae as Gram-positive rods, measuring 0.4 to 0.6 by
0.7 to 2.0 microns. The organism occurs in "frequently flexed 
chains of three to seven or more cells, in linear, end to end 
pairs or in pairs lying at an obtuse angle to each other; 
occasionally single cells and very long rod-shaped forms, ten 
to fifteen microns in length may occur, the latter sometimes 
being curved". Cells are non-motile.
Conditions for growth. C. phocae is aerobic to facul­
tative, and the optimum growth temperature is apparently 
near 37° C, since Murray (1957) stated "good growth at 37° C 
and room temperature; slight growth in three to four days at 
4° C".
Characteristics on solid media. Agar colonies are small 
(0.1 mm), circular, smooth, moderately elevated, entire, trans 
parent and colorless at first, becoming enlarged (0.5 to 1.0 
mm), opalescent and white.
Blood agar colonies are the same as those on agar and 
blood is not hemolyzed.
Citrate agar does not support growth.
There is no growth on media containing potassium tel­
lurite, and sodium oleate severely inhibits growth.
Characteristics in liquid media. Peptone broth supports 
poor growth. There is good growth in "Pneumo" broth, pro­
ducing a turbidity in lower portion of the medium, leaving a 
clear supernatant several mm in depth.
Biochemical tests. Indol and hydrogen sulfide are not 
produced. Nitrates are not reduced, and urea is not hydro­
lyzed. The methyl red reaction is positive, and
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acetylmethylcarbinol is produced.
Gelatin and coagulated blood serum are not liquefied. 
There is no change in litmus milk.
C.. phocae is catalase negative.
Carbohydrate utilization. Starch, aesculin and alpha- 
methylglucoside are hydrolyzed.
Acid is produced from glucose, fructose, sucrose, mal­
tose, trehalose and salicin when tested in Hiss serum water. 
Slight acid is produced from xylose, galactose, lactose, 
inulin, glycerol, inositol and mannitol. Acid is occasionally 
produced from rhamnose and dextrin, but not from arabinose, 
dulcitol, sorbitol and arbutin.
Pathogenicity. C.. phocae is not pathogenic to the 
"ordinary experimental animals (including pigeons and pigs)". 
The organism is apparently pathogenic in seals and man.
12. Corynebacterium pseudodiphtherjpicum Lehmann and Neu­
mann , 1896.
Loeffler (1887) and von Hofmann-Wellenhof (1887) de­
scribed a diphtheria-like bacillus isolated from the throat. 
The organism was non-virulent for guinea pigs, and was called 
"pseudodiphtheria bacillus". Lehmann and Neumann (1899) 
briefly described the organism and named it Corynebacterium 
pseudodiphtheriticum.
Morphology and staining. Cells of C. pseudodiphtheriti­
cum are Gram-positive rods and measure 0.3 to 0.5 by 0.8 to 
1.5 microns. Most workers agree that cells of C. pseudo­
diphtheriticum are generally shorter and thicker than cells
I
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of C. diphtheriae and are fairly uniform in size, without 
swollen ends or granules (Peters, 1397; Lambotte, 1901; Cob- 
bett, 1901; Morse, 1912 and Cave, 1912). According to Denny 
(1903) and Burrows (1963)> barred and granular forms of C. 
pseudodiphtheriticum occur.
Conditions for growth. C. pseudodiphtheriticum is 
aerobic to facultative. The optimum growth temperature is 
37° C, and growth does not take place below 20° C.
Characteristics on solid media. Agar colonies are 
moist, opaque, grayish to cream-colored, smooth, homogeneous 
and entire. Barrett (1924) and Lehmann, Neumann and Breed 
(1931) reported cultures with bright yellow and brownish-red 
to brownish-black pigmentation.
Growth on LoefflerTs blood serum is grayish to cream- 
colored, opaque, smooth, homogeneous and entire.
Stab cultures show little or no growth in the depth, 
but profuse growth on the surface.
Growth on potato is slight, creamy white, smooth and 
entire.
Characteristics in liquid media. According to Andrewes 
et al. (1925), there is general clouding of broth, which 
later settles to a fine granular deposit.
Biochemical tests. Indol is not produced. Nitrates are
t
reduced to nitrites (Eberson, 1913; Welsch and Thibault,
1943) and urea is hydrolyzed (Merkel, 1941).
Litmus milk is unchanged, and gelatin is not liquefied 
(Barrett, 1924).
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Carbohydrate utilization. Acid and gas are not produced 
from carbohydrate media (Morse, 1912; Eberson, 1912; Barrett, 
1925; Welsch, Demelenne-Jaminon and Thibaut, 1946; Welsch 
and Thibaut, 194&).
According to Carrier and McCleskey (1962), C. pseudo­
diphtheriticum forms intracellular starch-like material when 
grown in the presence of starch. No other carbohydrate 
tested served as a substrate for intracellular starch forma­
tion.
Pathogenicity. C. pseudodiphtheriticum is not patho­
genic for guinea pigs, rabbits or birds (Andrewes et al., 
1925).
13* Corynebacterium equi Magnusson, 1923.
Magnusson (1923), in Sweden, isolated a diphtheroid 
organism from two to three month old foals suffering from 
purulent pneumonia and named it Corynebacterium equi. Dimock 
and Edwards (1931), Bruner, Dimock and Edwards (1939), Karl- 
son, Moses and Feldman (1940) and Holtman (1945) isolated
C. equi, in the United States, from mares, aborted equine 
fetuses, lymph nodes of swine, and from calves with chronic 
pneumonia.
Morphology and staining. According to Dimock and Ed­
wards (1931), and Merchant (1935), the morphology of £. equi 
varies according to the medium upon which grown. In exudates 
from abcesses, and smears from agar slants, Gram-positive, 
short rods with rounded ends and coccoid cells are present.
In broth cultures, cells are long and filamentous and show
f
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branching.
Metachromatic granules are present, but not numerous, 
when stained with methylene blue. The organism is not acid- 
fast, and does not produce spores or capsules.
Conditions for growth. The organism is aerobic and the 
optimum growth temperature is 37° C, but growth occurs at 
30° C. Alford (1954) stated that C.. equi survived 63° C for 
thirty minutes and 72.5° C for 2.5 minutes. This is not in 
accord with Merchant and Packer (1956), who reported that 
the organism is killed at 60° C in ten minutes. Ramamurthi 
(1957) reported the thermal death point to be over 63° C 
for ten minutes.
Characteristics on solid media. After twenty-four 
hours, agar colonies are one to three mm, moist, slightly 
raised, creamy white, round and entire. After forty-eight 
hours, the colonies are salmon pink in color (Brooks and 
Hucker, 1944). Merchant (1935) reported the production of 
a red pigment.
Growth on agar slants is pink in color, viscid and runs 
to the bottom of the slant (Dimock and Edwards, 1931)*
Horse blood agar shows slight or no hemolysis.
Very little pigment is produced on Loeffler's blood 
serum, and growth is less abundant than on agar.
Moderate growth and tan pigment are produced on potato. 
Secondary colonies develop after ten days, and produce a 
bright orange pigment.
Coagulated egg yolk supports a vigorous salmon-pink
44
growth which becomes dry, raised and wrinkled, resembling the 
growth of the tubercule bacillus, according to Dimock and 
Edwards {1931) •
Characteristics in liquid media. An even turbidity with 
no pellicle and little sediment is produced in broth, accord­
ing to Dimock and Edwards (1931). Brooks and Hucker (1944) 
reported that a pellicle is produced in broth.
Biochemical tests. According to Dimock and Edwards 
(1931)» nitrates are reduced vigorously. Indol is not formed, 
and ammonia is not produced in nitrate peptone broth. Hydro­
gen sulfide is produced in appropriate media. Sodium hip- 
purate and esculin are not hydrolyzed.
Litmus milk is unchanged, and gelatin is not liquefied.
Carbohydrate utilization. No acid is produced from
carbohydrate media (Dimock and Edwards, 1931; Merchant, 1935; 
Bruner and Edwards, 1941; Brooks and Hucker, 1944). Accord­
ing to Merchant and Packer (1956), £. eoui utilizes glucose
without the production of acid. Breed et al. (1951), re­
ported that glucose stimulated growth.
Pathogenicity. C. equi is not pathogenic for guinea 
pigs, rabbits and rats. According to Bruner and Edwards 
(1941), the organism is lethal to ten-day old chick embryos 
within four to six days. The organism is pathogenic in 
horses, swine, cattle and buffalos (Magnusson, 1923; Dimock 
and Edwards, 1931; Karlson, Moses and Feldman, 1940; Holt- 
man, 1945).
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14- Corynebacterium bovis Bergey et al., 1923.
Bergey (1904) isolated a diphtheroid organism, which he 
named Bacillus pseudodiphtheria. from cow’s milk. The organ­
ism was renamed Corynebacterium bovis by Bergey et al. (1923).
Morphology and staining. According to Bergey et al. 
(1923), C. bovis is a Gram-positive slender rod, measuring 
0.5 to 0.7 by 2.5 to 3*0 microns. Cells may be barred and 
clubbed, and are non-motile.
Conditions for growth. The optimum temperature for 
growth is 37° C. According to Alford, Wiese and Gunter 
(1941), C. bovis is quite heat resistant and survived 63° C 
for thirty minutes, and some strains survived 72° C for 2.$ 
minutes.
Characteristics on solid media. Agar colonies are 
small, circular, gray, slightly raised, radiate, undulate 
and dry. According to Black (1941), C. bovis produces char­
acteristic pinpoint T?Gtf type colonies on agar.
Evans (1916) stated that ten percent blood serum and 
five percent bile enhanced growth of C.. bovis. Growth on 
coagulated blood serum is thin, filiform and gray.
Potato and asparagine do not support growth.
Characteristics in liquid media. According to Black
(1941), a slight, granular sediment is produced in broth.
Biochemical tests. Indol is not formed, and nitrates 
are not reduced.
Litmus milk slowly becomes alkaline, according to Bergey 
et al. (1925), however, Black (1941) reported no change in
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litmus milk, but stated that rancidity in milk is caused by 
C.. bovis. The organism is only weakly lipolytic on tri- 
butyrin agar. Coagulated blood serum and gelatin are not 
liquefied.
Carbohydrate utilization. Acid is not produced from 
carbohydrate media (Bergey et al., 1923; Black, 1941).
Pathogenicity. C. bovis is not pathogenic for guinea 
pigs, according to Evans (1918).
15. Corynebacterium paurometabolum Steinhaus, 1941.
Steinhaus isolated C. paurometabolum from the mycetome 
and ovaries of the bed bug (Cimex lectularius), using a 
special semi-solid medium containing proteose-peptone, rabbit 
serum, gelatin, minced rabbit kidney and carbohydrates.
Morphology and staining. The organism is non-motile, 
Gram-positive, and shows metachromatic granules. Cells 
measure 0.5 to 0.7 by 1.4 to 2.5 microns and occur singly, 
in masses, and in short chains.
Conditions for growth. £. paurometabolum is aerobic, 
and the optimum growth temperature is 26° C. An incubation 
period of from four to seven days was necessary on primary 
isolation, subsequent transfers grew out in twenty-four to 
forty-eight hours.
Characteristics on solid media. Agar colonies are white 
to gray, dull, circular, entire, flat and dry to granular. 
Agar slants show filifonn to arborescent, thick granular 
growth.
Growth on potato is thick, raised, dry, granular,
profuse, and gray to light cream colored.
Slight alpha-hemolysis is produced on blood.
Characteristics in liquid media. An abundant granular 
sediment with a clear supernatant and thin pellicle is formed 
in broth.
Biochemical tests. Indol is not produced. Nitrites 
are not formed from nitrates, and there is slight production 
of hydrogen sulfide.
Litmus milk is rendered alkaline, and gelatin is slowly 
liquefied at the surface.
Carbohydrate utilization. According to Steinhaus (1941) 
glucose, lactose, sucrose, mannitol and raffinose are not 
fermented. Breed et al. (1957) stated that maltose, fructose 
galactose, arabinose, xylose, dextrin, salicin, trehalose, 
sorbitol, inulin, dulcitol, glycerol, rhamnose, adonitol, 
mannose, esculin and inositol, in addition to those reported 
by Steinhaus, are not fermented. Starch is not hydrolyzed.
Pathogenicity. C. paurometabolum is not pathogenic for 
guinea pigs.
16. Corynebacterium nephridii Busing et al., 1953.
Busing, Doll and Freytag (1953) isolated a short, plump 
rod from the bladder of the medicinal leech (Hiduro medi- 
cinalis), and named it Corynebacterium nephridii.
Morphology and staining. Cells are 0.4 to 0.5 by 1 to 
2 microns, Gram-positive, no spores, non-motile and do not 
have a tendency to form chain or filaments. Polar granules 
are revealed by Neisser stain.
Conditions for growth. According to Busing et al.,
C. nephridii is an obligate aerobe, and decreasing the oxygen 
tension stops growth completely. The optimum temperature 
range is 22° to 37° C. The optimum pH range is 6.2 to 1.2.
Characteristics on solid substrates. Glucose agar 
colonies are smooth, round, convex, wet, grayish-white to a 
blue-grayish color, glistening and slimy.
Blood agar shows small gray to white colonies after 
two to three days, and there is no hemolysis of blood.
Characteristics in liquid substrates. Glucose broth 
shows uniform cloudiness, more apparent in the upper portion 
of broth, later showing ring growth and a pellicle with 
stalactite-like growth.
Biochemical tests. Nitrates are not reduced to nitrites 
ammonia is produced in peptone media, and urea is not hydro­
lyzed. Hydrogen sulfide, indol and acetylmethylcarbinol are 
not produced.
Litmus milk becomes distinctly alkaline after ten days. 
LoefflerTs blood serum and gelatin are not liquefied.
Carbohydrate utilization. According to Busing et al. 
(1953)> dextrose, lactose, maltose, sucrose, xylose, arab- 
inose, mannitol, starch and citric acid are not attacked. 
Breed et al. (1957) stated that acid is not produced from 
carbohydrate media.
Pathogen!citv. C. nephridii was not tested for patho­
genicity in animals (Busing et al., 1953)*
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17. Corynebacterium vesiculare Busing et al. , 1953.
Busing et al. (1953) isolated C. vesiculare from the 
bladder of the medicinal leech (Hiduro medicinalis). Primary 
isolation was accomplished by plating on "fungus" agar with 
a pH of 6.4 and containing one percent peptone, 0.5 percent 
sodium chloride, two percent dextrose and four percent mal­
tose. The following description is taken from Busing et al. 
(1953)) unless otherwise stated.
Morphology and staining. Cells measure 0.3 microns 
wide and up to 10 microns in length on fungus agar. Fila­
ments, measuring 30 or more microns, were occasionally seen. 
The organism was described as Gram-positive to Gram-variable, 
and non-motile. Carrier and McCleskey (1961) reported the 
organism to be Gram-negative and motile by one or possibly 
two polar flagella.
C.. vesiculare does not produce spores, is non-acid fast 
and shows metachromatic granules. Bizarre swellings were 
observed when the organism was grown on urea dextrose agar.
Conditions for growth. The organism is aerobic and 
has an optimum growth temperature range of 22° to 37° C.
Breed et al. (1957) reported the optimum growth temperature 
range as 15° to 22° C.
Characteristics on solid media. The colonies, after 
two days on "fungus” agar, were described as 1 to 2 mm in 
diameter, concave, round, smooth, moist, slimy and glisten­
ing, later becoming tough and gelatinous in consistency, so 
that the entire colony could be removed from the surface of
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the agar. A water soluble rose to rose-red pigment was pro­
duced.
Growth on dextrose agar, nutrient agar and gelatin agar 
is nearly the same as on fungus agar, except that pigment 
formation is more pronounced on gelatin agar.
Growth on Loeffler's blood serum is moist and shining, 
similar to that on fungus agar.
Colonies on blood agar are soft and glistening, and do 
not adhere to the surface; slight beta-hemolysis may or may 
not be produced.
Characteristics in liquid media. Growth in liquid media 
was not described.
Biochemical tests. Indol, acetylmethylcarbinol and 
hydrogen sulfide are not produced. Urea is not hydrolyzed. 
Ammonia is produced in peptone media.
Litmus milk is rendered alkaline. Gelatin and coagu­
lated blood serum are not liquefied.
No growth occurs on citrate agar.
Carbohydrate utilization. Glucose, sucrose, lactose, 
xylose, mannitol, maltose, arabinose, galactose and starch are 
not fermented.
Pathogenicity. C. vesiculare was not tested for patho­
genicity in animals.
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B. Species Isolated from Plants
The eleven species of phytopathogenic corynebacteria 
recognized in BergeyTs Manual (Breed et al., 1957) and an 
additional species (C. betae) introduced too late for in­
clusion will be considered in the following review.
18. Corynebacterium insidiosum (McCulloch, 1925) Jensen, 
1934.
In 1925, Jones reported a new disease of alfalfa; 
McCulloch (1925) isolated the causal organism and named it 
Aplanobacter insidiosum. Bergey et al. (1930) placed the 
organism in the genus Erwinia and Jensen (1943) redesignated 
it Corynebacterium insidiosum.
C. insidiosum causes a vascular disease of alfalfa 
(Medieago sativa). The most conspicious symptoms of the 
disease are dwarfing and wilting of the plant, and yellow­
ing and curling of the leaves at the margin.
Morphology and staining. According to Jones and 
McCulloch (1926), cells of C. insidiosum in the host and 
in cultural media are short, Gram-positive rods, with rounded 
ends, measuring 0.4 to 0.5 by 0.7 to 2 microns. The organism 
is not acid-fast, and does not form spores. Capsules are 
produced in most media.
Conditions for growth. C. insidiosum is aerobic and 
grows in shake cultures only on the surface.
The optimum growth temperature is between 21° and 24° C, 
the maximum growth temperature is 28° to 31° C, and the mini­
mum is "somewhere below freezing". The thermal death point
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is 52° C for ten minutes.
According to Jones and McCulloch (1926) and Ramamurthi 
(1957), C,. insidiosum does not grow in the presence of five 
percent sodium chloride, 'which is contrary to Breed et al. 
(1957). The optimum pH range for growth is 6.3 to 7.0.
Characteristics on solid media. Colonies on beef ex­
tract agar are white, becoming yellow, circular, smooth, 
glistening, viscid, flat to slightly convex and entire.
Blue granules develop in old colonies and these are more 
pronounced in media containing glucose.
Potato cylinders support good growth and formation of 
numerous blue granules. The potato is discolored at temper­
atures of 2° to 20° C.
Growth on whey agar is more abundant than on other 
media. Colonies enlarge rapidly and coalesce to form areas
of smooth, glistening growth, becoming yellow in color and
developing numerous blue granules.
Growth on beef agar plus lactose is like that on beef
agar plus glucose, except that the blue discoloration begins 
earlier and becomes more abundant.
C.. insidiosum is characterized by the formation of a 
blue water insoluble extracellular pigment (Jones and McCul­
loch, 1926; Jensen, 1934; Starr, 1955 and 1953). According 
to Starr, the formation of the blue granules is dependent 
on the composition of the medium, "crowding", aeration, 
temperature, pH and age of the culture. The blue pigment 
of C. insidiosum is apparently indigoidine, and apparently
the same as that produced by Pseudomonas indigofera (Elazari- 
Volcani, 1939)> Arthrobacter sp. (Kuhn and Starr, 1956) and 
Erwina chrvsanthemi (Starr, 1955).
Savulescu (1947) proposed that a new genus, Burkholder- 
iella, be established for those corynebacteria distinguished 
’’par la formation d'un pigment ayant en culture 1 Taspect de 
granules de couleur bleu-fonceeTf.
Growth in liquid media. Growth in liquid media was 
not reported, other than that solid media is more favorable 
for growth than liquid (Jones and McCulloch, 1926).
Biochemical tests. Indol is not produced. Nitrates 
are not reduced to nitrites. Hydrogen sulfide is not pro­
duced, according to Jones and McCulloch (1926). However, 
Bhide (1948) reported hydrogen sulfide production when tested 
by the lead acetate strip method. Ammonia is not produced 
in two percent peptone.
According to Jones and McCulloch (1926), milk is coag­
ulated but not digested. However, Jensen (1934) failed to 
observe coagulation with his isolates of C.. insidiosum. An 
"apricot” yellow band of growth develops in litmus milk, 
and tyrosine crystals are numerous in old milk cultures. 
Methylene blue and litmus are reduced slowly after eight to 
ten days.
Gelatin and Loeffler’s blood serum are not liquefied.
Carbohydrate utilization. Acid is produced from glu­
cose, galactose, sucrose and glycerol, according to Jones and 
McCulloch (1926). Jensen (1934) reported the production of
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acid from arabinose, fructose, mannitol and dulcitol. Cul­
tures show moderate diastatic activity on nutrient starch 
agar (Jones and McCulloch, 1926).
Pathogenicity. C. insidiosum is pathogenic to alfalfa 
(Medieago sativa), but not to red clover and several other 
legumes (Jones and McCulloch, 1926). Elliott (1930) re­
ported alfalfa and white clover (Melilotus alba) to be the 
only hosts of C.. insidiosum. Jensen (1934) reported a non- 
infectious isolate of C. insidiosum.
19. Corynebacterium sepedonicum (Spieckermann and Kotthoff, 
1914) Skaptason and Burkholder, 1942.
Spieckermann (1913) first applied the name Bacterium 
sepedonica to the etiological agent of bacterial ring rot 
of potato, but failed to give a description of the organism. 
Skaptason and Burkholder (1942) stated that Bacterium sepe­
donica was "nomen nudum" and therefore did not constitute 
true publication. The article by Spieckermann and Kotthoff 
(1914) gave a description of the organism and was accepted 
as the authentic publication of the species (Skaptason and 
Burkholder, 1942; Breed et al., 1957).
Smith (1920) renamed the organism Aplanobacter sepe­
donica. and Magrou (1937) and Savile and Racicot (1937) 
designated it Phvtomonas sepedonica. Elliott (1937) pointed 
out the invalidity of the genus name Phvtomonas. since proto­
zoologists had prior claim to it. Skaptason and Burkholder
(1942) proposed that the name of the ring rot organism be 
changed to Corynebacterium sepedonicum.
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C. sepedonicum causes a vascular disease of potato 
fSolanum tuberosum) characterized by yellowing, rolling and 
drying of the leaves, and a wet rot of the vascular ring of 
the tuber.
Morphology and staining. According to Spieckermann 
and Kotthoff (1914), the cells of C. sepedonicum are Gram- 
positive pleomorphic, non-motile rods measuring 1.1 to 1.2 
by 0.5 to 0.6 microns. Chains of cells may be formed.
Stapp (1930), in an extensive study of the ring rot organism, 
did not mention chain formation.
Capsules and spores are not formed, according to Spieck­
ermann and Kotthoff (1914)*
Conditions for growth. £. sepedonicum is aerobic to 
slightly microaerophilic, and the optimum growth temperature 
range is 24° to 2$° C, with a maximum temperature between 
34° and 36° C, and a minimum of 6° C.
Growth occurs in the presence of four percent NaCl, 
according to Spieckermann and Kotthoff (1914), but Rama- 
murthi (1957) reported growth only in two and three percent 
sodium chloride.
Richardson (1957) reported the thermal death time of 
C. sepedonicum "to be comparable to that of most bacterial 
plant pathogens". He obtained complete kill of the organism 
in ten minutes at 55° C.
Numerous reports have been made on the viability of 
the potato ring rot organism, and methods of eradication 
(Knorr, 1947; Starr, 1947; Van Schaak, 194&; Katznelson and
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Sutton, 1951; Starr and Cinnamon, 1953 and Sampson and 
Ludwig, 1956).
Characteristics on solid media. Growth on agar is slow, 
and colonies are round, entire, smooth, translucent, glisten­
ing, white to cream colored, and two to three mm in diameter.
Growth on potato is viscous and whitish-yellow to 
brown, according to Spieckermann and Kotthoff (1914).
Characteristics in liquid media. According to Spiecker­
mann and Kotthoff (1914), broth supports weak growth with a 
slight sediment and no pellicle.
Biochemical tests. Hydrogen sulfide is not produced, 
according to Spieckermann and Kotthoff (1914), but Stapp 
(1930) and Bhide (1943) reported positive results. Indol and 
ammonia are not produced.
Litmus milk is coagulated without peptonization, and 
litmus is not reduced. Stapp (1930) reported no change in 
six weeks, after which litmus was reduced.
Carbohydrate utilization. Spieckermann and Kotthoff 
(1914), and Stapp (1930) reported glucose, galactose, fructose, 
arabinose, xylose, mannitol, glycerol and dulcitol utiliza­
tion by C* sepedonicum, b.ut failed to mention acid formation. 
According to Bhide (1943), the organism does not produce acid 
from maltose, glycerol, mannitol and dulcitol.
Pathogenicity. (2. sepedonicum is pathogenic on potato 
and tomato (Spieckermann and Kotthoff, 1914; Stapp, 1930 and 
Bhide, 1943). According to Larson (1944), all commercial 
varieties of tomato, eggplant (Solanum melongena) and the
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wild, scarlet, spiny eggplant fSolanum integrifolium) are 
susceptible to C. sepedonicum.
20. Corynebacterium humiferum Seliskar, 1952.
Seliskar (1952) isolated a bacterium from infected wood 
of Lombardy poplar (Populus nigra var. italica) and named it 
Corynebacterium humiferum. According to Seliskar (1952), 
Hartley and Crandall isolated an organism in 1935 from the 
poplar, which caused a water soaked appearance of the central 
wood. The condition was called "wetwood", but the causative 
organism was not described. The following description is 
from Seliskar (1952).
Morphology and staining. C. humiferum is a Gram-posi­
tive, short, pleomorphic rod measuring 0.4 to 0.7 by 0.7 to 
2.3 microns. Curved and club-shaped cells are common. Cells 
usually occur singly, with an occasional palisade and angular 
arrangement. The organism is non-motile.
Conditions for growth. The organism is aerobic to 
slightly microaerophilic. The optimum growth temperature 
range is 24° to 23° C. The maximum growth temperature is 
34° to 36° C, and the minimum is 6° C.
Characteristics on solid media. According to Seliskar 
(1952), colonies on nutrient-glucose agar are white to pale 
cream, circular, smooth, entire, convex, translucent, and 
one to two mm in diameter. Growth on nutrient-glucose agar 
slants is slow, non-spreading, filiform to beaded, opaque 
and glistening.
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Characteristics in liquid media. Nutrient-glucose broth 
supports turbid growth in thirty-six hours, after which a 
light sediment is formed. A pellicle is not formed.
Biochemical tests. Nitrates are not reduced, and there 
is no growth in Koser’s citrate.
Litmus milk is unchanged, except for slow reduction; 
gelatin is slowly liquefied.
Carbohydrate utilization. Acid is produced from glucose, 
mannitol and glycerol, but not from lactose or raffinose. 
Starch is not hydrolyzed.
Pathogenicity. £. humiferum is the etiological agent 
of the disease "wetwood" in poplar fPopulus nigra var. 
italica and P. tremuloides).
21. Corynebacterium michiganense (Erw. Smith, 1912) Jensen, 
1934.
Smith (1910) isolated a "yellow schizomycete" from 
diseased tomato plants, and named the organism Bacterium 
michiganense. and the disease "Grand Rapids Disease", after 
the locality in Michigan from which it was first reported. 
Later Smith (1920) renamed the disease bacterial canker of 
tomato, and the causal organism Aplanobacter michiganense. 
Bergey et al. (1930) placed the organism in the genus Erwinia 
and Stapp (1930) placed it back in its original genus, Bac­
terium. Jensen (1934) redesignated the organism Corynebac­
terium michiganense.
C. michiganense causes a vascular disease of the tomato
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characterized by slow wilting, browning and dying of the 
leaves, beginning with the lower part of the plant. Stems 
may crack open and show yellow cankers. The seed coat is 
penetrated and infected. According to Bryan (1928 and 
1929), the fruit may be diseased and show dark patches, 
often surrounded by a white halo.
Morphology and staining. According to Smith (1910),
C.. michiganense is a Gram-positive rod occurring singly or 
in pairs, and measuring 0.35 to 0.4 by 0.8 to 1.0 microns. 
Jensen (1934) observed long, irregular branching, club- 
shaped rods in cultures isolated from the soil. Cells are 
encapsulated, non-acid fast, and do not produce spores, 
according to Smith (1910).
Apparently, motility is not a stable characteristic of 
C. michiganense. Smith (1910) observed "what appeared to be 
polar flagella-, no good preparations were obtained". Bryan 
(1930) reported the organism to be non-motile, and Conn,
Wolfe and Ford (1940) reported one non-motile strain and 
two motile strains. Clark and Carr (1951) reported the 
presence of from one to two polar to lateral flagella, and 
Breed et al. (1957), reported that £. michiganense is non- 
motile.
Conditions for growth. C_. michiganense is aerobic, 
and the optimum growth temperature range is 25° to 27° C, 
the maximum is 33° C and the minimum is 1° C, according to 
Smith (1910). Jensen (1934) reported growth of a proteoly­
tic soil strain of C. michiganense at 37° C.
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The thermal death point is 54° C in ten minutes (Rama- 
murthi, 1957).
Growth does not occur in three percent sodium chloride.
Characteristics on solid media. According to Smith 
(1910) and Bryan (1930), C. michiganense grows slowly on 
beef-infusion agar and after five days, the colonies are 
one to three mm, round, entire, smooth, glistening, buty- 
rous, opaque and pale yellow, becoming bright yellow and 
viscid.
Potato cylinders show moderate, mustard-yellow, smooth, 
glistening and spreading colonies. The potato is grayed.
Ark (1946, 1951) reported the production of "pheno­
typic" variations in C_. michiganense. Rough, wrinkled and 
pink variants were induced by treatment with uranium salts 
and naphthalene compounds. The author was of the opinion 
that "induction of mutation rather than spontaneous muta­
tion" occurred, since the organism is "remarkably stable 
under many kinds of adverse conditions".
Characteristics in liquid media. Moderate turbidity 
is produced in broth within forty-eight hours, followed by 
a pale yellow rim of growth (Smith, 1910). Bryan (1930) 
reported that occasionally a delicate incomplete pellicle 
is formed. A slimy sediment is formed, which rises in 
long strings if the tube is swirled (Smith, 1910).
Biochemical tests. Indol is not formed, and nitrates 
are not reduced. According to Smith (1910), hydrogen sul­
fide is not produced, but Bhide (1948) reported it to be
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positive. Slight ammonia is produced in beef-peptone media 
(Smith, 1910).
According to Bhide (1948), gelatin is slowly liquefied 
at 18° to 21° C, but Smith (1910) stated that gelatin is not 
liquefied at 14° to 15° C.
After five days, a yellow rim and surface layer of 
yellow growth occurs in milk. A soft curd is formed within 
a month, turning to a solid curd with separation of a clear 
yellow whey. Litmus is slowly reduced, beginning after eight 
days, followed by acid in six to eight weeks. Methylene blue 
is reduced within ten days.
Carbohydrate utilization. Acid is produced from glucose, 
galactose, fructose, sucrose and maltose, and slight acid 
from lactose, glycerol and mannitol (Smith, 1910; Bhide,
1948).
Cellulose is not hydrolyzed, and starch is weakly hydro­
lyzed (Gardner and Kendrick, 1921).
Pathogenicity. The host range of C. michiganense is 
apparently wide and includes tomato (Lycopersicum esculen- 
tum) and potato (Solanum mammosum) (Smith, 1910; Orth, 1937). 
Ark (1944) reported Nicotiana glutinosa. Solanum nigrum, and 
Cyphomandra betacea to be susceptible. According to Bhide 
(1948), McNew found Hyocvamus niger to be a natural host of 
C. michiganense.
22. Corvnebacterium rathayi (Erw. Smith, 1913) Dowson, 1942.
Rathay (1899) described a bacterial disease of orchard
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grass fDactvlis glomerata) and presented a limited descrip­
tion of the causative organism. Smith (1913) named the 
organism Aplanobacter rathavi. Dowson (1942) transferred 
the organism to the genus Corvnebacterium.
The disease of orchard grass is characterized by dwarf­
ing of the plant. The most conspicious symptom is the lemon- 
yellow slime which covers the upper portion of the plant, 
including the inflorescence.
Morphology and staining. According to Smith (1913, 
1914), cells are "short-ellipsoidal” rods, measuring 0.66 
to 0.99 by 0.75 to 1.5 microns. The organism is Gram-posi­
tive, non-motile, non-acid fast and non-sporogenous. Cap­
sules are produced in culture and in the plant, according 
to Smith (1914).
Conditions for growth. Growth conditions have not been 
reported (Rathay, 1899; Smith, 1913 and 1914; Dowson, 1942 
and Breed et al., 1957) except that Cohn's solution does not 
support growth (Smith, 1914).
Characteristics on solid media. Agar colonies are 
small, slow-growing and yellow in color, according to Smith 
(1914).
Growth on potato is rapid, and shows a lemon-yellow 
streak in forty-eight hours, becoming "wrinkled", crenate, 
viscid and a deep lemon-yellow, and easily removed from the 
medium.
The yellow pigment is insoluble in water and alcohol 
and does not give the blue reaction with concentrated
sulfuric acid characteristics of lipochrome (Smith, 1914).
Characteristics in liquid media. Growth in broth was 
not reported by Rathay (1899) or Smith (1913 and 1914).
Biochemical tests. According to Breed et al. (1957), 
nitrites are produced from nitrates.
Gelatin is slowly liquefied "only after some weeks and 
progresses very slowly" according to Smith (1913). Breed 
et al. (1957) reported slow liquefaction of gelatin after 
seven weeks. According to Smith (1914), growth is very slow 
in milk, but is prolonged with the formation of a copious 
chrome-yellow precipitate and a bright yellow rim. Litmus 
milk is reduced at first, after which it becomes alkaline.
Carbohydrate utilization. Glucose, sucrose and lactose 
are fermented slowly with the production of acid but no gas.
Pathogenicity. Rathay (1&99) failed to get infection 
by inoculation of Dactylis glomerata with C. rathayi. How­
ever, the number of diseased cases of orchard grass investi­
gated satisfied him that £. rathayi was the etiological 
agent.
Smith (1913) stated that C. rathayi is related to C. 
michiganense. but failed to get infection of tomato with 
C. rathayi.
According to Elliott (1930), C. rathavi has been re­
ported on Secale cereale and Capriola dactvlon.
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23. Corvnebacterium agropvri (O’Gara 1916) Burkholder, 194#.
O ’Gara (1916) described a disease of western wheat grass 
(Agropyron smithii) and gave a limited description of the 
etiological agent. He named the organism Aplanobacter agro­
pvri . but Burkholder (194#) renamed it Corvnebacterium agro- 
EZri.
The disease caused by C.. agropvri is called "yellow gum 
disease"; it is characterized by dwarfing of the plant and 
the "presence of enormous masses of surface bacteria which 
forms a lemon-yellow ooze or slime" covering the upper por­
tions of the plant, according to 0 TGara (1916). He stated 
that the disease is similar to RathayTs (1399) disease of 
orchard grass.
Morphology and staining. Unless otherwise indicated, 
descriptions are from O ’Gara (1916). The cells are short 
rods with rounded ends, measuring 0.4 to 0.6 by 0.6 to 1.1 
microns. Cells taken directly from the plant are smaller. 
Arrangement of the cells may be singly, in pairs, and in­
frequently chains of four cells may occur. C. agropvri is 
non-motile and does not produce spores. Capsules are formed 
on special media.
O ’Gara (1916) regarded the organism as Gram-negative, 
but Burkholder (194#) and Breed et al. (1957) reported it 
as Gram-variable.
Conditions for growth. The optimum growth temperature 
lies between 25° and 23° C. The thermal death point was 
not carefully determined, but is around 50° C for ten
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minutes, according to O ’Gara.
Characteristics on solid media. O ’Gara (1916) stated 
that a heavy inoculum of the organism was necessary, and 
even then, growth was slow.
Small, yellow colonies develop on agar after eight days 
incubation.
Growth on potato is relatively rapid, and after two days, 
a light, mustard-yellow streak develops, which tends to "pile 
up" with age. Growth on sugar beet plugs is essentially the 
same as on potato.
Characteristics in liouid media. Broth shows slight 
clouding after which a light mustard-yellow precipitate 
forms. The viscid precipitate rises in stringy masses when 
the tube is swirled, and does not tend to mix readily with 
the liquid. There is no pellicle or ring growth.
Biochemical tests. Nitrites are produced from nitrates.
Milk is little changed, except for a primuline-yellow 
ring and a heavy precipitate of the same color. Litmus is 
slightly reduced.
Carbohydrate utilization. Slight acid is produced from 
glucose, sucrose, lactose and glycerol. Starch is weakly 
hydrolyzed.
Pathogenicity. The host range has not been determined 
for C. agropvri. The organism is pathogenic on wheat grass 
fAgropyron smithii).
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24* Corvnebacterium fascians (Tilford, 1936) Dowson, 1942.
The isolation of the organism causing fasciation of 
sweet peas was reported almost simultaneously by Tilford 
(1936a) and by Lacey (1936). Tilford (1936a) named the 
organism Fhvtomonas fascians and Lacey (1936) designated it 
Bacterium fascians. Dowson (1942), on the basis of the de­
scription furnished by these two workers, redesignated the 
organism Corynebacterium fascians.
According to Tilford (1936b), C. fascians causes a 
disease typified by the appearance of "many short, fleshy, 
thick and aborted stems with misshapen leaves". The fas- 
ciated shoots originate at the first or second node of the 
plant. The mass of fasciated growth resembles a witch’s 
broom in old plants.
Morphology and staining. Using single cell isolates 
of fifteen organisms causing fasciation of sweet peas, Til­
ford (1936b) described cells of C. fascians as Gram-positive, 
non-motile rods measuring 0.5 to 0.9 by 1.5 to 1.9 microns. 
Palisade and V-formations were observed.
Lacey (1955) stated that the morphology of C,. fascians 
depended to a great extent upon the growth medium. She 
found cells which varied from coccoid forms to long, unseg­
mented and branched filaments, "remarkably similar to those 
of Nocardia spp. as described by McClung (1950), in fact his 
photographs of Nocardia might well represent C. fascians 
cells grown on the special medium". Further emphasis between 
the relationship of Nocardia and C. fascians is noted in the
67
report of Demaree and Smith (1952), that Nocardia vaccinii is 
the causal agent of a bud-proliferating gall on blueberry. 
They found that the galls produced by N. vaccinii and C. 
fascians were remarkably similar.
Mohanty (1951) demonstrated granules in twenty-four hour 
old cells of C. fascians. but not in younger and older cul­
tures .
Spores are not formed, and cells are not acid-fast, 
according to Tilford (1936b). Lacey (1955) reported that 
C. fascians is acid-fast when grown on a special synthetic 
medium of sucrose or mannitol, KH2PO4 , MgS04, NaCl, KNO3, 
CaC03, "yeastrel” and agar.
Conditions for growth. C. fascians is aerobic and has 
an optimum growth temperature between 25° and 28° C. Growth 
occurs over a temperature range of 7° to 35° C. The thermal 
death point is 55° to 57° C in ten minutes, according to 
Tilford (1936b) and Lacey (1936). Ramamurthi (1957) re­
ported the thermal death point as 57° C in ten minutes.
Growth occurs in the presence of eight percent sodium 
chloride (Mohanty, 1951).
Characteristics on solid media. Two types of colonies 
have been described for C. fascians (Tilford, 1936b; Lacey, 
1955).
Agar colonies of the "rough” type are large, flat, dull, 
dry, wrinkled, and cadmium yellow in color. The "smooth” 
colonies are smaller, entire, raised, smooth, butyrous, 
glistening and deep chrome or orange buff in color.
68
According to Lacey (1955), all strains produced a copious, 
mucoid, glistening, light yellow growth with no differentia­
tion into "rough" and "smooth" types when grown on her 
special synthetic medium. Colonies were invariably smooth 
on the synthetic medium, even when subcultured from rough 
strains on peptone agar. When placed back on peptone agar, 
the colonies reverted to their original type.
Growth on nutrient agar is slow, but Mohanty (1951) 
stated that in the presence of a fermentable sugar, growth 
is heavy and mucoid, and pigmentation is deeper.
Growth on potato-dextrose agar slants is moderate, fili­
form, raised, dull to glistening and rugose, or smooth, 
opaque, cadmium yellow to deep chrome, and crumbly or buty- 
rous in consistency.
According to Starr and Weiss (1943), Starr (1949), and 
Mohanty (1951), C.. fascians grows on asparagine agar if an 
exogenous source of thiamine is supplied. Starr and Weiss
(1943) suggested that this species may be incorrectly classi­
fied.
Lacey (1955) reported the isolation of four pink, non- 
pathogenic strains of C. fascians. but did not comment as to 
the characteristics on which she based her identification.
Characteristics in liquid media. According to Tilford 
(1936b), broth is scarcely clouded in twenty-four hours, 
after which a thin, fragile pellicle with a distinct rim is 
formed.
Growth occurred after seven days in Fermi’s, Uschinsky’s
!
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and Cohn’s solution with the formation of a pellicle, accord­
ing to Tilford (1936b).
Biochemical tests. Indol and acetylmethylcarbinol are 
not formed. Nitrates are reduced to nitrites in a synthetic 
medium and hydrogen sulfide is produced in lead acetate agar.
C. fascians is catalase positive and produces ammonia in 
peptone media. According to Mohanty (1951)> tellurite and 
selenite are reduced, but not molybdate. Growth is severely 
restricted by 0.002 percent selenite and tellurite, and 0.1 
percent completely inhibited growth.
According to Starr and Burkholder (1942) and Mohanty 
(1951), C. fascians is only weakly lipolytic.
Tilford (1936b), Lacey (1936) and Mohanty (1951) re­
ported that C,. fascians rendered litmus milk alkaline after 
forty-eight hours, with the formation of a cadmium yellow 
pellicle. Lacey and Mohanty reported isolates of C. fascians 
that coagulated and digested milk.
According to Tilford (1936b) and Lacey (1936), gelatin 
is not liquefied in seven weeks at 20° C, but Lacey (1939) 
and Mohanty (1951) reported some isolates that liquefy 
gelatin in two to fifteen weeks.
Carbohydrate utilization. Variable results were reported 
by Tilford (1936b) and Lacey (1936) concerning the fermenta­
tion of carbohydrates. According to Lacey (1939) and Mohanty 
(1951), C. fascians produced acid in a synthetic medium con­
taining glucose, sucrose, fructose, galactose, mannose and 
mannitol, slight acid from xylose and maltose and no acid
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from dulcitol, dextrin, sorbitol and inulin. Variable 
results were recorded with arabinose, rhamnose and lactose.
Starch and cellulose are not hydrolyzed (Lacey, 1936; 
Mohanty, 1951).
Pathogenicity. The host range is apparently very 
broad. Disease symptoms have been produced in some eighteen 
or twenty different plants including the sweet pea, tobacco, 
petunia, dahlia, garden peas, asparagus and phlox. Accord­
ing to Brooks (1953), C. fascians infects only meristematic 
tissues.
25- Corvnebacterium hypertrophicans (Stahel, 1933) Burk­
holder, 194$.
Stahel (1933) isolated a rod-shaped bacterium from 
witches’ brooms of Eugenia latifolia and named the causal 
organism Pseudomonas hypertrophicans; Burkholder (1943) 
called it Corvnebacterium hypertrophicans.
The disease witches’ broom is a hypertrophy occurring 
on the twigs of Eugenia and cacao trees. The disease is 
characterized by irregularly curled and perforated leaves, 
and extensive branching at the buds, which in turn die, 
producing a rather large witch broom. C,. hypertrophicans 
was found in abundance in "glossy jelly drops" that filled 
the intercellular spaces of the plant tissues.
Morphology and staining. Unless otherwise stated, de­
scriptions are from Stahel (1933). Cells of C.. hypertrophi- 
cans are Gram-positive rods, measuring 0.6 to 0.3 by 1.2
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to 1.& microns. Bipolar and frequently one to three granules 
are present in the cells. Cells are non-acid fast and gener­
ally occur singly or in palisades; but in young cultures, 
chains of rods 10 to 20 microns long may be found. Direct 
smears from diseased tissues show "pear or spindle shaped" 
involution forms. Capsules are present in freshly isolated 
cultures and cells are motile by means of a single polar 
flagellum.
Conditions for growth. C. hypertrophicans is aerobic; 
the optimum growth temperature was not given. The thermal 
death point of the organism was 49° C.
Good growth of C. hypertrophicans occurred on agar 
slants containing eight percent sodium chloride and in broth 
containing 7.6 percent sodium chloride. Apparently, the 
organism can be conditioned to grow in 10.7 percent sodium 
chloride.
Characteristics on solid media. Sucrose agar colonies 
are circular, slightly raised, whitish, wet, glistening, 
translucent and two mm in diameter after three days. Sub­
surface colonies are small (0.25 to 0.5 mm), lens-shaped, 
whitish at first, turning brownish. Agar colonies "smell 
like new bread".
Growth is slow on potato and does not occur on steamed 
bananas nor in Uschinsky's solution.
Characteristics in liquid media. Broth with added car­
bohydrate supports poor growth. Sucrose broth shows uniform 
turbidity without visible "flocks" or a pellicle.
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Biochemical tests. C.. hypertrophicans does not produce 
indol, hydrogen sulfide and ammonia; and nitrites are not 
produced from nitrates.
Milk is unchanged after ten weeks; litmus is reduced 
within four to five days. There is no growth in twenty-five 
percent gelatin. The author explained that a high concen­
tration of gelatin was necessary in the tropical climate of 
Surinam, with an average temperature of 27° C.
Carbohydrate utilization. Acid is produced from glucose, 
fructose, and sucrose, but not from lactose and glycerol. 
Formic and lactic acids are produced from glucose.
Pathogenicity. The host range of C. hypertrophicans 
has not been determined, but the organism is pathogenic on 
Eugenia latifolia.
26. Corvnebacterium poinsettiae Starr and Pirone, 1942.
Pirone and Bender (1941) isolated the causal organism 
of a new disease on poinsettia. Starr and Pirone (1942) 
described the organism and named it Corvnebacterium poinset­
tiae .
Symptoms of the disease are visible on all above ground 
parts of the poinsettia plant. Longitudinal, water-soaked 
streaks occurring on the stems are usually the most charac­
teristic symptoms. The streaks may continue up throughi the 
leaf petiole and result in spotting or blotching of the 
leaves, followed by defoliation. Glistening, golden brown 
masses of bacteria occasionally ooze from the ruptured stems 
and leaf lesions.
I
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Morphology and staining. Unless otherwise stated, de­
scriptions are from Starr and Pirone (1942). Cells of C. 
poinsettiae are highly pleomorphic rods with an average 
measurement of 0.3. to 0.6 by 1.0 to 3-0 microns. Barred and 
granule-bearing forms are common.
Cells are Gram-positive, becoming Gram-negative in old 
cultures, and are non-acid fast. Spores are not produced; 
capsules are formed in "some sugar-containing media”.
The organism is motile by means of one, rarely two, 
polar or lateral flagella.
Conditions for growth. C. poinsettiae is aerobic.
Growth occurs after twenty-four hours from 15° to 36° C; 
after forty-eight hours there is growth at 7° to 12° C.
After one week there is no growth below 5° C or above 36° C. 
The thermal death point is 60° C for ten minutes, accord­
ing to Ramamurthi, 1957.
Characteristics on solid media. Nutrient agar colonies 
are round, entire, smooth, slightly convex, non-viscid, 
moist, colorless, almost transparent and 0.1 to 1.0 mm in 
diameter.
Colonies on potato-dextrose agar are the same as those 
on nutrient agar, except that the colonies are mucoid and 
colored salmon pink, becoming ochraceous salmon.
Colonies on blood agar are white to pale-salmon color, 
and do not show hemolysis.
Colonies on tellurite-blood agar are round, convex, 
entire, smooth, glistening and a light to deep neutral-gray
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color. Tellurite is reduced.
Loeffler’s blood serum shows moderate filiform or 
spreading, glistening, non-viscid, carnelian-red growth.
Growth on potato-dextrose agar slants is the same as on 
LoefflerTs blood serum.
Characteristics in liquid media. Broth cultures of C. 
poinsettiae shows even turbidity within twenty-four hours; 
later a viscid, salmon pink to flesh colored sediment is 
formed. A ring and pellicle may be formed in tryptose- 
phosphate broth, but not in nutrient broth or tryptone water.
Biochemical tests. Hydrogen sulfide, indol and acetyl- 
methylcarbinol are not produced, and the methyl red reaction 
is negative.
Nitrates are not reduced to nitrites.
Urea and sodium hippurate are not hydrolyzed. C. poin­
settiae is not lipolytic when tested by the cottonseed oil - 
agar technique of Starr (1941).
According to Starr and Pirone (1942), soft coagulation, 
reduction of litmus, followed by a rapid, complete peptoni­
zation occurs in litmus milk after one to two weeks.
Crateriform liquefaction occurs in gelatin after three 
days, followed by stratiform liquefaction extending down two 
to four cm in two weeks.
Carbohydrate utilization. Moderate to abundant acid is 
produced within five days from glucose, fructose, mannose, 
galactose, sucrose, maltose, cellobiose, melibiose, raffin- 
ose, glycerol, erythritol, salicin and amygdalin. Slight
?
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acid is produced in eight to fourteen days from arabinose, 
xylose, lactose, trehalose, dextrin and adonitol. No acid is 
produced after three weeks from rhamnose, fucose, inulin, 
glycerol, mannitol, dulcitol, sorbitol and inositol. Three 
strains of C. poinsettiae fermented inositol.
Cellulose is not hydrolyzed after eight weeks. Accord­
ing to Starr and Pirone (1942), starch is completely hydro­
lyzed after eleven days, but not after four days. Ramamurthi 
(1957) reported starch hydrolysis as negative when tested in 
an ammonium salts base, and in an amino acid medium.
Pathogenicitv. C_. poinsettiae is pathogenic on poinset­
tia (Euphorbia pulcherrima).
27. Corynebacterium tritici (Hutchinson, 1917) Burkholder, 
1948.
Hutchinson (1917) gave the name Pseudomonas tritici to 
an organism he isolated from diseased wheat plants. Bergey 
et al. (1930) transferred the species to the genus Phvto- 
monas; Savulescu (1947) designated it Agrobacterium tritici, 
and Burkholder (1948) placed it in the genus Corvnebacterium.
According to Hutchinson (1917), the disease called 
tannan or tandu in the Punjab caused by Corvnebacterium 
tritici, is similar to the disease on orchard grass described 
by Rathay (1899) and to the disease on wheat grass described 
by 0 f Gara (1916).
The most striking characteristic of the disease tandu is 
the formation of a bright primrose-yellow slime covering the
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inflorescence and parts of the stem. A frequent character­
istic is the distortion of the stem immediately below the 
head, described by Smith (1920) as a trknee-shaped culm bend­
ing". The distortion is due to interference with growth and 
expansion of the plant by the slimy covering.
Morphology and staining. According to Hutchinson (1917),
Q.*- tritici is a rod measuring 0.8 by 2.4 to 3-0 microns. He
failed to mention the Gram-reaction, however Bergey et al. 
(1930) reported the organism to be Gram-negative. According 
to Burkholder (1948) and Breed et al. (1957), the organism 
is Gram-positive.
Conditions for growth. The optimum temperature was not
reported, but it apparently lies between 20° and 30° C. The
thermal death point is "about 50° C", according to Hutchin­
son (1917).
Characteristics on solid media. Agar colonies are 
convex, round, entire, glistening, moist, opaque in the 
center and opalescent at the edges, and bright yellow to 
orange in color.
Potato supports slight yellow filiform growth.
Coconut flesh supports abundant yellow growth.
Agar slants show scanty to moderate yellow, moist, 
raised, glistening growth. The agar turns brown after five 
to six days.
The yellow pigment produced on most media is insoluble 
in water and ether, but is soluble in alcohol, according to 
Hutchinson (1917).
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Characteristics in liquid media. Broth becomes turbid, 
with a yellow precipitate and thin ring growth without a pel­
licle is formed. Bergey et al. (1923) reported the formation 
of a thin pellicle by C_. tritici.
Biochemical tests. Nitrates are reduced to nitrites and 
ammonia (Hutchinson, 1917).
Litmus milk is unchanged except for a yellow precipitate 
and surface growth. Litmus is reduced after three or four 
days.
Gelatin is not liquefied within thirty days.
Carbohydrate utilization. Acid is produced from glucose 
and lactose (Hutchinson, 1917).
Pathogenicity. C.. tritici is apparently pathogenic on 
wheat (Triticum aestivum) and onions. Hutchinson had diffi­
culty in transmitting the disease to healthy wheat plants.
He found that an "abnormally moist atmosphere" was necessary. 
Fahmy and Mikhail (1923) found that inoculations into wheat 
plants were successful only if C.. tritici and nematodes were 
used simultaneously. Carne (1926) reported that C. tritici 
was carried into the wheat plants by eelworms.
23. Corvnebacterium flaccumfaciens (Hedges, 1922) Dowson, 
1942.
Hedges (1922) isolated a "yellow” bacterium from dis­
eased bean plants and named it Bacterium f 1«cmunfaciens. 
Bergey et al. (1923) placed it in the genus Phvtomonas: 
Stevens (1925) suggested the organism be called Pseudomonas 
flaccumfaciens, and Dowson (1942) designated it
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Corvnebacterium flaccumfaciens.
C. flaccumfaciens produces a vascular disease of beans 
characterized by dwarfing, wilting and death of seedlings.
*
Slow wilting and dwarfing, and sometimes breaking over of 
older plants occurs, accompanied by a green or brownish 
green discoloration of affected portions. Pod infection is 
characterized by a yellowish to brownish green discoloration 
along the sutures. Diseased seed may have a bright yellow 
bacterial layer under the seed coat, or may be covered with 
external slime.
Morphology and staining. According to Hedges (1926), 
cells of £. flaccumfaciens are short, non-spore-forming, 
Gram-positive rods with rounded ends, measuring 0.3 to 0.5 
by 0.6 to 3.0 microns. Cells occur singly or in pairs, no 
chains or filaments were seen. The organism is non-acid 
fast and capsules are not formed.
Cells are motile by means of a single polar flagellum 
(Hedges, 1926 and Burkholder, 1930), but non-motile species 
have been described (Adams and Pugsley, 1938).
Conditions for growth. The optimum growth temperature 
is about 31° C with a maximum between 36° and 40° C, and a 
minimum below 1.5° C (Hedges, 1926). Ramamurthi (1957) re­
ported the optimum temperature to be 24° to 27° C, the maxi­
mum 40° C, and the minimum 3° C. The thermal death point 
is 63° C in ten minutes.
Uschinsky's solution supports slight to moderate growth, 
and CohnTs and Fermi's solutions support only slight, if any
growth (Hedges, 1926).
Hedges (1926) and Ramamurthi (1957) reported growth in 
five percent sodium chloride, and an optimum pH range of 6.1
to 8.1.
Characteristics on solid media. Agar colonies are 
round, smooth, moist, glistening, semi-opaque, entire with 
slightly thinner margins, flat or slightly convex, coalesce 
readily and are off-white at first, becoming pale yellow.
According to Hedges (1926), a bright yellow colony was 
observed occasionally. He stated that the bright yellow 
and pale yellow colonies were identical in other respects.
Potato shows slight to moderate mustard to primuline 
yellow growth, usually accompanied by a marked graying of 
the potato.
String bean and lima bean agar media support only 
slight pale yellow growth.
Growth on agar slants is moderate, flat, spreading, 
glistening, translucent; pale yellow and viscid. It is some­
times difficult to remove the slime from :he agar (Hedges,
*
1926).
Characteristics in liquid media. Moderate clouding of 
broth occurs in twenty-four hours, usually followed by a 
partial or complete pellicle in two or three days. In young 
cultures the pellicle may be easy to break up into floccules 
and strings, but in older cultures the pellicle may be thick 
and difficult to dislodge. A heavy rim may be formed. A 
thick ropy precipitate which rises in swirls when shaken is
so
formed.
Biochemical tests. According to Hedges (1926), hydrogen 
sulfide and indol are not produced. Nitrates are not reduced 
to nitrites. Ammonia is produced in nutrient agar. Accord­
ing to Ramamurthi (1957), the methyl red reaction is nega­
tive and acetylmethylcarbinol is not produced. Tyrosine is 
not decomposed, and the organism is not lipolytic.
Litmus milk is coagulated after three -weeks, followed 
by peptonization. The cultures are often alkaline in the 
first few days. A deep, primuline yellow rim is produced 
"which is very striking" (Hedges, 1926).
Carbohydrate utilization. According to Hedges (1926), 
starch is weakly hydrolyzed. However, Ramamurthi (1957) 
reported negative results with starch.
Acid is produced from glucose, lactose, sucrose and 
glycerol (Hedges (1926).
Pathogenicity. C. flaccumfaciens is pathogenic on a 
number of varieties of beans and related plants. The natural 
host is Phaseolus lunatus macrocarpus and Phaseolus vulgaris, 
and the artificial host is So.ia max (Elliott, 1930).
29- Corvnebacterium betae Keyworth, Howell and Dowson, 1956.
The causal organism of silvering disease of beet (Beta 
vulgaris) was isolated in 1954 (Keyworth, Howell and Dowson,
1956) and called Corvnebacterium betae.
The disease is characterized by appearance of silvery 
lesions on the plant foliage, followed by wilting and dying.
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The description below is from Keyworth et al. (1957J*
Morphology and staining. C. betae is a Gram-positive 
rod measuring 0.8 to 1.0 by 0.3 to 0.5 microns. Cells occur 
singly and are motile by means of "three peritrichous fla- 
gella".
Conditions for growth. The optimum temperature for 
growth is 22.5° to 25° C; slight growth occurs at 37° C.
The thermal death point is 55° C.
Characteristics on solid media. Colonies on yeastrel- 
glucose agar and on meat-infusion glucose yeast agar are 
small, circular, convex, pale yellow and transparent. The 
transparent colonies distinguish "the organism from other 
species of corynebacteria pathogenic to plants, which form 
yellow opaque colonies".
Steamed potato supports mustard yellow, "runny" growth.
Characteristics in liquid media. Growth in broth was 
not reported by Keyworth et al. (1956).
Biochemical tests. Nitrates are not reduced to nitrites.
Gelatin is slowly liquefied, and a soft buff-colored 
curd is formed in litmus milk, followed by slow digestion. 
Litmus is reduced.
Carbohydrate utilization. Acid is produced from glu­
cose, lactose, maltose, sucrose, glycerol and salicin in a 
peptone-free synthetic medium.
According to Keyworth et al. (1956), "there is some 
diastatic action".
Pathogenicity. C. betae is pathogenic on the beet
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fBeta vulgaris). but not on tomato and potato.
SUMMARY OF PHYSIOLOGICAL ACTIVITY OF CORYNEBACTERIA 
AS REPORTED IN THE LITERATURE
Tables 1 through 5 give a summary of the physiological 
activity of the corynebacteria as reported in the literature. 
References are listed by number, and refer to the main bibli­
ography. Many spaces are left vacant in the tables, which 
indicates that no report was found in the literature pertain­
ing to that test. Information on the individual species is 
very sketchy.
!
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Table 1. The hydrolytic activity of corynebacteria on
various substrates as reported in the literature.
Species
C. diphthenae 
C. enzvmicum 
C. hoagii 
C. striatum 
C. pseudotuber­
culosis 
xerosis 
pyogenes 
murisepticum 
renale 
kutscheri 
C. phocae 
C. pseudodiph- 
theriticum 
eaui 
bovis
paurometa- 
bolum
C. nephndii 
C. vesiculare
*(1) 7, 133
[2) 133
[3) 72, 119, 194
[4) 213
5) 39, 72, 206 
!6)
(7) 33 
(3)
(9) 135, 136
(10) 18, 148
(11) 264
(12) 120, 160, 188
(13) 32, 35, 70, 186
(14) 17, 79, 30
(15) 262
(16) 43
(17) 43
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Table 1. concluded.
Species
G. insidiosum 
C. sepedonicum 
C. humi fprnm 
C. michiganense
C. rathavi 
C. agropvri 
C . fascians 
C . hypertro- 
phicans 
C. poinsettiae 
CL. tritici 
C. flaccumfa­
ciens 
C. betae
V - - - + - V - (1)
- V + - V - (2)
V - (3)
V - + V - (4)
V (5)
- ± (6)
V + + ± “ — (7)
V + _ _ + V - f$)
- (10)
± — — + - — — (11)+ ± (12)
+, hydrolysis; -, no hydrolysis; slight or doubtful;
V, variable reports. A blank space indicates that the test 
has not been reported in the literature.
*(1) 129, 173 (7) 71, 267, 263
(2) 243, 245, 246, 248 (8)
(3) 235 (9) 253, 254
>) 93, 237, 238 - (10) 29, 125
5) 222, 239 (11) 2, 106, 107
,6) 208, 209 (12) 140
Table 2. The activity of corynebacteria on various sub­
strates, as reported in the literature.
Species
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*(1 ) 23, 46, 91, 94, 109, 113, 
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(2) 132, 133 
13) 30, 119 
4) 46, 213 
,5) 45, 46, 136, 270
6) 7, 153
7) 33, 72, 136 
,3) 122
(9) 135, 164
(10) 13, 22, 46
(11) 203, 264
(12) 72, 133, 276
(13) 70
(14) 17, 13, 25
(15) 262
(16) 43
(17) 43
Table 2. concluded,
36
1 to CP
o •rH •rH
pi CO CD
-o >> i—1
£  i £  i o l—1 (0
1—< O H  O O vO  <W p. o XP 0) to
•rH U \ +3 Pi 1 +3 CP (0 £ 43 43 <0£2 Cm  O) CO Cm  <D cO +3 <U XP CO o
CO XP to XP a> XP CPXP CP
CO X  O  P , X O f t P> Pi i—1 CP 0)
Pi O  O  CO O  O  CO •H  CP pi T3 O  to Pi
£ P. p! O P  3  O Pi O i- 1 O CP o <D
+J C<J rH XP CO rH XP +3 -H ■—i O <D XP Cm
•H P  til) P i *H +3 0) i—1 XP CP to
i-P CO CO IS PQ CL, DPSpecies
£. insidiosum 
C. sepedonicum 
C. hinn-i fpwim
C. michiganense 
C. rathavi 
C. agronvri 
C . fascians 
C. hypertro- 
phicans 
C.. poinaettiae 
C . tritici 
£. flaccum- 
faciens 
C. betae
+ , hydrolyzed or produced; no action; A, acid; Al, alkaline 
C, coagulation; D, digestion; r, reduction; nc, no change;
V, variable reports. A blank space indicates that the test 
has not been reported in the literature.
ArCD
*(1) 21, 129, 132
2) 21, 246, 243
3) 235
4) 21, 237 
3) 30, 233, 239
[6) 209
(7) 150, 151, 191
(3) 247 
(9) 254 
;i0) 125 
11) 106, 221
[12) 140
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Table 3. The biochemical characteristics of corynebacteria 
as reported in the literature.
Species
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C. renale 
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(9) 135, 164
(10) 18, 22
(11) 264
(12) 72, 188, 276
(13) 70
(14) 17, 18, 25
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(16) 43
(17) 43
Table 3. concluded.
Species
C. insidiosum 
C. sepedonicum
C..
C. mi chi g-anense 
C . rathavi 
C. agropvri 
C.. fascians 
£. hvpertro- 
phicans 
C. poinsettiae 
0. tritici 
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C. betae
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+, production; slight production; -, no production;
V, variable reports. A blank space indicates that the test 
has not been reported in the literature.
*(1) 21, 132 (7J 150, 151, 191
(2) 21, 246, 243 (3) 247
13) 235 (9) 254
(4) 21, 237 (10) 125
(5) (11) 106, 221
(6) (12)
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Table 4* The fermentation of mono- and disaccharides by
corynebacteria as reported in the literature.
Species
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C. diphtheriae 
C.. enzvmicum 
C. hoagii 
C. striatum 
£. pseudotuber- 
culo3is 
C. xerosis 
C. pyogenes 
C. nmrisepticum 
C - renale 
C. kutscheri 
C. phocae 
C. pseudodiph- 
theriticum 
C. eaui 
C. bovis 
£. paurometa- 
bolum 
C. nephridii 
C. vesiculare
+
+ +
+
+
+  H- 
+ +
+ + 
+ + 
+ + 
+ V 
+ +
V
+
+
+
V
+
V
V 
+
V
V
V
H-
+
+
+
V
V 
+
V
V
+
+
+
+
+
V
+
V
V
+
+
No acid from carbohydrates 
- - V - - V - -
No acid from carbohydrates
•References are cited in table 5.
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Table 4. concluded.
Species
a> o> at CDm
CO CD CD CO CO cn o
o CD CO CO o CD CD CD CD o O *H
CD CD c CO O o p CO CO CO CO rH JO
co CO •H O P c o O o O o at x> O
O O X> o o g cO G p G p X •H rH
X> i—I CO G G CO rH G 1—1 CJ o a> r—1 rH
•rH >> G rH G XI CO cO 3 G at G 0) CDoi X u 4. 01 O S CO P ) E - s O
C. insidiosum + + + + + + ±
C. seoedonicum u V V V V - V
C . humiferum + -
C. michieanense + + + + + + + ±
C . ra^l^ayi + + +
C . afitroovri + + +
C. fascisms + + + H- + + + + —
C. hvpertrophi-
cans + + + —
C. Doinsettiae ± ± + + + + + ±
C. tritici + +
C . flaccum-
faciens + + + + V
C. betae + + + +
+
+ , acid production; no acid production; slight or 
slow; V, variable reports; u, utilization. A blank space 
indicates that the test has not been reported in the liter­
ature .
References are cited in table 5-
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Table 5. The feraentation of various carbon compounds by
corynebacteria as reported in the literature.
Species
C . diphtheriae 
C. enzvmicum 
C. hoagii 
C. striatum 
C. pseudotuber­
culosis 
C. xerosis 
C. pyogenes 
C.. murisepticum 
.C. renale 
kutscheri 
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C. bovis 
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Table 5* concluded.
Species
C . insidiosum 
C . sepedonicum 
C. humi fftmim 
C . aichtganense 
C. rathayj 
C. agropvrl 
C . fasclans 
C . hypertro- 
phicans 
C. poinsettiae 
C . tritici
£. m -
faciens 
C. betae
4" + + + (Uu + u (2)
— + + 3)
+ V 4)
{5)+ (6)
- - + + (7)
— (6)
+ -  ± + + - V - V + (9)
+ (10)
+ + (11)
+ + (12)
+ , acid production; -, no acid production; 1, slight or 
slow; V, variable reports; u, utilization. A blank space 
indicates that the test has not been reported in the 
literature.
*(1) 129, 132 
(2) 21, 246, 246
(3) 235 
!4) 21, 237 
,5) 236, 239
6) 209
(7) 150, 151, 191
(6) 247
(9) 254 
(10J 125
(11) 107, 221
(12) 140
MATERIALS AND METHODS 
CULTURES
Forty-four cultures representing twenty-three of the 
twenty-eight recognized aerobic species (Breed et al. ,
1957) were used in this study. They are listed below. It 
was not possible to obtain strains representative of C.. 
phocae, C. agropyri. C. murisepticum. C. biim-i f e n m  and C . 
hypertrophicans. Apparently these species are not repre­
sented in any laboratory or culture collection.
Species Source Designat:
C . diphtheriae 
(ulcerans)
ATCC #9015 ldi
C . diphtheriae 
(gravis)
Dr. G. T. Hauser, Dir. 
Labs., La. State 
Board of Health
IdiG
C. diphtheriae 
(mitis)
Dr. Hauser IdiM
C. diphtheriae 
(intermedius)
Dr. Hauser ldil
C. enzvmicura ATCC #5155 2en
C. striatum ATCC #6940 4st
C. pseudotuber­
culosis ATCC #5666 5pst
C. xerosis ATCC #9016 6xe
C. pyogenes ATCC #5104 7py
C . renale ATCC #10545 9re
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Species 
C. kutscheri 
C. eaui 
C . bovis
C,. paurometabolum
C . nephridii
C . vesiculare
C . pseudodiphtheri- 
ticum
C . insidiosum
C . insidiosum
C. insidiosum 
C.. michieanense 
C . rathavi 
C,. poinsettiae 
C . tritici 
C.. flaccumfaciens 
C. betae 
C . poinsettiae 
C.. poinsettiae 
C. tritici 
C . sepedonicum 
C . sepedonicum 
C . fascians
C . fascians 
C. flaccumfaciens 
C . flaccumfaciens
Source 
ATCC #11035 
ATCC #10146 
ATCC #7715 
ATCC #3368 
ATCC #11425 
ATCC #11426
ATCC #6981 
ATCC #10253
Dr. M. P. Starr, Univ. 
of Calif. (Cl 134)
Dr. Starr (Cl 4 )
ATCC #10202
Dr. Starr (CR-1)
ATCC #9069
ATCC #11403
ATCC #6887
Dr. Starr (CB101)
Dr. Starr (CP105(S))
Dr. Starr (CP105(M))
Dr. Starr (CT101)
Dr. Starr (CS105)
Dr. Starr (CS5)
Dr. W. H. Burkholder, 
Cornell Univ. (Fl)
Dr. Burkholder (F16)
Dr. Burkholder (F3)
Dr. Burkholder (CF6)
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Designation
lOku
12eq
13bo
14pau
15ne
l6ve
17psd
30in
31in
32in 
33mi 
34ra 
38po 
39tr 
40fl 
42be 
43 po 
44po 
45tr 
46se 
47se 
5 Of a
51fa
52fl
53fl
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Species Source Designation
C. flaccumfaciens Dr. Burkholder (F7) 54fl
C. flaccumfaciens Dr. Burkholder (F£) 55 fl
C. flaccumfaciens Dr. Burkholder (CF10) 56fl
C. flaccumfaciens Dr. Burkholder (FIB) 57fl
C. poinsettiae Dr. Burkholder (P2) 5Spo
C. insidiosum Dr. Burkholder (C14) 6lin
C. michiganense Dr. Burkholder (Ml) 62mi
C. michiganense Dr. Burkholder (M9) 63mi
C. michiganense Dr. Burkholder (MS) 64mi
Stock cultures were maintained on trypticase soy semi­
solid (0.3 percent) agar in screw-capped tubes. Cultures 
were stab inoculated and allowed to incubate until there was 
good growth. The cultures were then stored in the refriger­
ator at 4° C. Transfers were made at approximately two- 
month intervals. For the cultivation of C. pyogenes. 0.3 
percent heat-inactivated bovine serum was added to all media.
The inocula used for the different tests were prepared 
by subculturing from the stock cultures to freshly prepared 
trypticase soy agar or broth. The cultures were incubated 
for eighteen hours at their optimum temperatures, as given in 
BergeyT s Manual (Breed et al., 1957). The animal pathogens 
were incubated at 37° C with the exception of C. nephridii.
C. vesiculare and C. paurometabolum. which were incubated 
at 25° C along with the plant pathogenic corynebacteria.
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MEDIA
The following media were used in this study and were 
prepared as indicated. Sterilization, unless otherwise in­
dicated, was accomplished in the autoclave at 121° C for 
fifteen minutes.
Trypticase Sov Agar (BBL, Dehydrated)
Trypticase 15 g
Phytone 5 g
Sodium chloride 5 g
Agar 15 g
Distilled water 1000 ml
pH 7.0
Trypticase soy broth was prepared as above with the
agar omitted.
Nutrient Agar
Bacto-peptone 
Bacto-beef extract 
Sodium chloride 
Bacto-agar 
Distilled water 
pH adjusted to
Nutrient broth was prepared as above with the agar
omitted.
Trvptose Yeast Extract Broth (Hehre, Carlson and Neil, 1947)
Part A
Bacto-tryptose 1.0 g
Bacto-yeast extract 0.3 g
Sodium chloride 0.5 g
Distilled water 100 ml
pH adjusted to 7-0
Part B
Phosphorylated carbohydrate 2 g
Distilled water 50 ml
5 g
3 g
5 g
15 g
1000 ml
7.0
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Part B was sterilized by passage through a sterile Coors 
#3 bacteriologic filter, and aseptically added to sterile 
Part A. The completed media were incubated for twenty-four 
hours to check for contamination. The phosphorylated car­
bohydrates used in Part B were glucose-l-phosphate and glu- 
cose-6-phosphate (dipotassium salts) and were obtained from 
Nutritional Biochemicals Co.
Spirit Blue Agar, Modified (Starr, 1941)
Bacto-tryptone 10 gm
Bacto-yeast extract 5 gm
Bacto-agar 30 gm
20$ Wesson Oil emulsion 25 ml
0.3$ alcoholic solution of 
spirit blue (National Aniline) 50 ml
Distilled water to make 1000 ml
Wesson oil emulsion was prepared by homogenizing 
thoroughly in a Waring Blendor: 100 ml of fresh Wesson oil,
10 g finely powdered gum arabic and 400 ml of warm distilled 
water.
Spirit Blue Agar Containing Oleomargarine 
Prepared as above, using oleomargarine instead of 
Wesson oil.
Ammonia Production Medium
Bacto-peptone 
Bacto-beef extract 
Bacto-agar 
Distilled water 
pH adjusted to
40 g
3 g 
15 g 
1000 ml
^ l
f  *  -L
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Tinsdale Medium, Modified (Moore and Parsons, 1953}
Part A
Bacto-proteose peptone #3 
Sodium chloride 
Bacto-agar 
Distilled water 
PH
100.0 ml 
7.4
2.0 g
0.5 g
2.0 g
Part B
Serum
N/l0 sodium hydroxide 
0.4$ cystine in N/l0 hydrochloric 
acid
1.0$ potassium tellurite solution 
2.5$ sodium thiosulfate
6 ml 
6 ml 
1.7 ml
10 ml 
6 ml
Part B was added, in the order given, to the sterile 
agar base (Part A) cooled to 50° C. The acid and base 
solutions were titrated one against the other so that no 
change in pH occurred upon addition to the agar base. The 
final pH was 7-3-
The base medium was sterilized by autoclaving for fif­
teen minutes at fifteen pounds pressure, cooled to 50-55° C 
and 15 ml of Tinsdale Enrichment (Difco #0342, desiccated), 
rehydrated with sterile distilled water, were added to 100 ml 
of the base. Petri plates were poured with the well mixed 
completed medium. The final pH was 7.4.
Tinsdale Base (Difco #0736, Dehydrated)
Bacto-proteose peptone #3 
Sodium chloride 
Bacto-agar 
Distilled water
20 g
5 g
20 g
1000 ml
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Koser Citrate Medium (Difco #B15, Dehydrated)
Sodium ammonium phosphate 1.5 g
Monopotassium phosphate 1.0 g
Magnesium sulfate 0.2 g
Sodium citrate 3.0 g
Distilled water 1000.0 ml
pH 6.7
Asparagine Agar (Starr, 1943)
Asparagine 1.0 g
Dipotassium phosphate 1.0 g
Magnesium sulfate 0.5 g
Sodium chloride 0.5 g
Bacto-agar 20.0 g
Distilled water 1000.0 ml
pH adjusted to 7.0
Asparagine-Glucose Agar (Jensen, 1943)
Glucose 10.0 g
Asparagine 1.0 g
Dipotassium phosphate 1.0 g
Magnesium phosphate 0.5 g
Sodium chloride 0.5 g
Bacto-agar 20.0 g
Distilled water 1000.0 ml
pH adjusted to 7.2
Egg Yolk Medium (McClung and Toabe, 1947; Modified by Colmer, 
194^
Tryptone 10.0 g
Disodium phosphate 5.0 g
Monopotassium phosphate 1.0 g
Sodium chloride 2.0 g
Magnesium sulphate 0.1 g
Glucose 2.0 g
Bacto-agar 25.0 g
Distilled water 1000.0 ml
pH adjusted to 7.6
Ten ml of sterile egg yolk were added to 90 ml of
nutrient broth and mixed well; 10 ml of the egg yolk sus­
pension were then added to 90 ml of the above medium.
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Basal Medium for .Testing Utilizatipn^of Carbon and Nitrogen 
Compounds (McClung, 1954).
Carbon and nitrogen compounds 5.0 g
Sodium nitrate 2.0 g
Monopotassium phosphate 1.0 g
Magnesium sulphate 0.5 g
Ferrous sulphate 10.0 mg
Manganese chloride 3.0 mg
Zinc sulphate 2.0 mg
Distilled water to make 1000.0 ml
pH adjusted to 7.1
The sodium nitrate was omitted from the basal medium
when compounds containing nitrogen were tested.
Carbohydrate Medium (Hugh and Leifson, 1953)
Bacto-peptone 2.0 g
Sodium chloride 5.0 g
Dipotassium phosphate 0.3 g
Bacto-agar 5.0 g
Carbohydrate 10.0 g
Brom-cresol purple 15.0 mg
Distilled water 1000.0 ml
pH adjusted to 7.0
Soil Extract Glycerol Agar (Gordon and Smith, 1955)
Bacto-peptone 5.0 g
Bacto-beef extract 3.0 g
Glycerol 70.0 g
Bacto-agar 15. 0 S
Soil extract 1000.0 ml
pH adjusted to 7.0
Soil extract was prepared by sifting 400 g air dried
soil through a #9 mesh screen; autoclaving with 2,400 ml
of tap water at 121° C for one hour; stirring; and filter­
ing immediately through paper.
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DNase Test Agar (Difco #0632, Dehydrated)
j Bacto-tryptose 20 g
Desoxyribonucleic acid 2 g
* Sodium chloride 5 g
Bacto-agar 15 g
Distilled water 1000 ml
Urea Broth (Difco #B272, Dehydrated)
Bacto-yeast extract 0.1 g
Monopotassium phosphate 9.1 g
Disodium phosphate 9.5 g
Urea 20.0 g
Phenol red 0.01 g
Distilled water 1000 ml
pH 6.8
The medium was filter sterilized, and added to sterile 
screw-capped tubes. The tubes were incubated at 37° C for 
. eighteen hours to check for contamination.
KCN Broth Base (Difco #0647, Dehydrated)
Part A
Bacto-proteose peptone #3 3 g
Disodium phosphate 5.64 g
Monopotassium phosphate 0.225 g
Sodium chloride 5 g
Distilled water 1000 ml
Part B
Potassium cyanide 0.5 g
Distilled water 100.0 ml
Part B was cooled to below 20° C and 1.5 ml added to 
sterile Part A, cooled to below 20° C. The complete medium 
was dispensed in 1.5 ml amounts into sterile screw-capped 
tubes (13 x 125 mm) and capped immediately. The final re­
action of the complete medium was 7.6.
Phenylalanine Agar (Difco #0745, Dehydrated)
Bacto-yeast extract 3.0 g
DL-phenylalanine 2.0 g
Disodium phosphate 1.0 g
Sodium chloride 5.0 g
Bacto-agar 12.0 g
Distilled water 1000.0 ml
pH 7.3
Malonate Broth (Difco #0806, Dehydrated)
Sodium malonate 3.0 g
Ammonium sulphate 2.0 g
Dipotassium phosphate 0.6 g
Monopotassium phosphate 0.4 g
Sodium chloride 2.0 g
Brom thymol blue .025 g
pH 6.7
SIM Medium (Difco
Bacto-beef extract 
Bacto-peptone 
Peptonized iron 
Sodium thiosulfate 
Bacto-agar 
pH
#B271, Dehydrated)
3 g
30 g
0.2 g
0.025 g
3 g
7.3
MR-VP Medium (Difco #0016-01, Dehydrated)
Buffered peptone 7 g
Dextrose 5 g
Dipotassium phosphate 5 gm
pH 6.9
Brilliant Green Bile Agar (Difco #B14, Dehydrated)
Bacto-peptone
Lactose
Oxgall
Sodium sulfite 
Ferric chloride 
Mbnopotassium phosphate 
Special agar 
Erioglaucine 
Basic fuchsin 
Brilliant green 
PH
3.25 g
1.9 g 
0.00295 g
0.205 g 
0.0295 g 
.0153 g 
10.15 g 
0.0649 g 
0.0776 g 
0.0000295 g
6.9
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Lead Acetate Agar (Difco #B&3, Dehydrated)
Bacto-peptone 15 g
Bacto-proteose peptone 5 g
Dextrose 1 g
Lead acetate 0.2 g
Sodium thiosulfate o.os g
Bacto-agar 15 g
pH 6.6
Triple Sugar Iron Agar (Difco #B265, Dehydrated)
Bacto-beef extract 3 g
Bacto-yeast extract 3 g
Bacto-peptone 15 g
Bacto-proteose peptone 5 g
Lactose 10 g
Saccharose 10 g
Dextrose 1 g
Ferrous sulfate 0.2 g
Sodium chloride 5 g
Sodium thiosulfate 0.3 g
Bacto-agar 12 g
Phenol red 0.024 g
PH 7.4
MacConkev Agar (Difco #B75, Dehydrated)
Bacto-peptone 17 g
Bacto-proteose peptone 3 g
Lactose 10 g
Bile salts #3 1.5 g
Sodium chloride 5 g
Bacto-agar 13.5 g
Neutral red 0.03 g
Crystal violet 0.001 g
pH 7.1
EMB Agar (Difco #B76, Dehydrated)
Bacto-peptone 10 g
Lactose 5 g
Saccharose 5 g
Dipotassium phosphate 2 g
Bacto-agar 13.5 g
Eosin-Y 0.4 g
Methylene blue 0.065 g
pH 7-1
104
SS Agar (Difco #B74, Dehydrated)
Bacto-beef extract 
Bacto-proteose peptone 
Lactose
5 g 
5 g
10 g
8.5 gBile salts #3 
Sodium citrate 
Sodium thiosulfate 
Ferric citrate 
Bacto-agar 
Brilliant green 
Neutral red 
pH
8.5 g
8.5 g 
1 g
13.5 g 
0.00033 g
.025 g 
7.4
METHODS
This thesis is concerned with the comparative study of 
members of the genus Corvnebacterium and efforts were made 
to conduct each phase of the work under the same experimental 
conditions.
The various techniques utilized in this study are given 
below under appropriate titles. Details are given for those 
methods not found in the Manual of Microbiological Methods 
(Society of American Bacteriologists, 1957).
Cell morphology.
The bacteria were observed under the light microscope. 
The usual fixing and staining procedures were used. Photo­
micrographs were prepared from smears of the organisms taken 
from trypticase soy agar supplemented with 1.0 percent 
bovine serum.
Motility.
The presence or absence of motility was determined with
Morphological Data
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the aid of the light microscope. Further verification was 
made by culturing each organism in brain heart infusion 
semisolid agar (0.3 percent agar). Motile species other 
than those reported by Breed et al. (1957), were stained 
according to the Fisher and Conn (1942) modification of the 
Bailey method (1929).
Reaction to stains.
Gram reaction was determined according to Hucker's 
modification (1922). A one percent aqueous solution of 
nigrosin was used to demonstrate capsules. Acid-fastness 
was determined by the Ziehl-Neelsen method. The method of 
Burdon (1946) was used to determine fat droplets. The cells 
used for the acid-fast and fat stains were grown on soil- 
extract glycerol agar for five days at their optimum temper­
atures. Cells were stained by the Schaeffer-Fulton method 
and observed for spores. An alcoholic solution of methylene 
blue containing 0.3 g methylene blue, 30 ml 95# ethyl alco­
hol and 100 ml of distilled water was used to demonstrate 
metachromatic granules. Smears were stained for fifteen to 
twenty seconds and examined with the aid of the light micro­
scope .
Physiological flata
The effects of physical factors on the growth of the 
organisms were studied with trypticase soy broth cultures 
unless otherwise indicated.
Temperature.
The optimum growth temperature was determined by
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incubating the cultures at 4°, 20°, 30°, 40° and 45° C for 
five days and observing for growth. Cultures held at 40° 
and 45° C were in screw-capped tubes to minimize evaporation. 
Heat resistance.
The ability of an organism to withstand heat was de­
termined by inoculating tubes containing & ml of broth with 
two drops of a twenty-four hour old broth culture. The 
tubes were subjected to a ten minute exposure at 50°, 55°, 
60°, 65° C, and to a five minute exposure at 72° C in a 
thennostatically controlled water bath. Tubes were immedi­
ately cooled and incubated for five days before final obser­
vations were made for growth.
Sodium chloride tolerance.
The ability of the organism to grow in the presence of 
sodium chloride was determined in broth containing 3.0 , 3.5, 
4.5, 5-5, 6.5, 7.5 and 8.5 percent (W/V) sodium chloride. 
Oxygen relationship.
The effect of free oxygen on the growth of the organism 
was determined with trypticase soy agar. The media were 
tubed in deep columns (8 cm) and were stab inoculated. Ob­
servations were made after five days incubation.
Nitrate reduction.
Nutrient broth containing 0.1 percent potassium nitrate 
was the test medium. Nitrites were determined after seven 
days incubation, using sulfanilic acid and alpha-naphthyl- 
amine dissolved in 5N acetic acid. A pinch of zinc dust 
was added to all tubes giving a negative nitrite test to
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determine if the nitrate was completely consumed or reduced 
beycnd the nitrite stage (Society of American Bacteriolo­
gists, 1957).
Reduction of tetrazolium salts.
Cultures of the animal pathogens were grown for twenty- 
four hours and cultures cf the plant pathogens for forty- 
eight to seventy-two hours on trypticase soy agar with five 
percent human blood added. The reducing properties of the 
colonies were tested by means of the following reagents: 
nitro blue tetrazolium; blue tetrazolium; neotetrazolium, 
iodonitrotetrazolium; triphenyltetrazolium and tetranitro 
blue tetrazolium. All compounds were at a concentration of 
5 mg per ml of distilled water (Monis and Reback, 1962). 
Modified benzidine test.
Trypticase soy agar plates, streaked with the cultures 
and incubated for seventy-two hours, were flooded with the 
benzidine dihydrochloride reagent of Deibul and Evans (I960), 
followed by an equal volume of five percent hydrogen peroxide. 
A blue-green to deep blue coloration of the bacterial colo­
nies indicated the presence of iron-porphyrin compounds. 
Oxidase activity.
Trypticase soy agar plates containing forty-eight hour 
old cultures were flooded with a freshly prepared one percent 
aqueous solution of para-aminodimethylaniline monohydro­
chloride. A positive test was indicated by a color change 
of the colony through pink to black.
i
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Catalase activity.
The production of catalase was determined by flooding 
five day old cultures grown on trypticase soy agar slants 
with one percent hydrogen peroxide and observing for the 
evolution of gaseous oxygen.
Urease activity.
Urease test medium (Difco #B272) was sterilized by 
filtration through a sterile, Coor’s #3 bacteriologic filter 
and aseptically distributed in 2 ml amounts into sterile 
screw-capped tubes (13 x 125 mm). The tubes were observed 
at intervals for a period of seven days.
Phosphatase activity.
Nutrient agar containing phenolphthalein diphosphoric 
acid solution was the test medium (Barber and Kuper, 1951). 
Petri dishes containing the medium were spot inoculated with 
the organisms and incubated for forty-eight to seventy-two 
hours. The plates were then inverted and held for one to 
three minutes over an open bottle of ammonium hydroxide. 
Colonies producing sufficient phosphatase to liberate free 
phenolphthalein became bright pink.
Lecithinase activity.
The modified lecithin agar (Colmer, 1948) was spot in­
oculated. An opaque zone appearing around the growth within 
seventy-two hours was considered positive evidence for leci­
thinase activity.
Lipase activity.
The test for hydrolysis of fats was determined along the
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lines suggested by Starr (1941J. Many of the organisms 
failed to develop on the medium of Starr, so trypticase soy 
agar was used as the basal medium, and the alcoholic solution 
of spirit blue was reduced from 50 ml to 35 ml. The homogen­
ized fats were added to this medium as suggested by Starr. 
Lipolysis was considered positive if a blue zone appeared 
around the colonies within fourteen days.
Coagulase activity.
The ability of the organisms to coagulate human plasma 
was determined by the tube method of Chapman, Berens and 
Stiles (1941). Human plasma was diluted one to three with 
0.4 percent sodium chloride in distilled water. Incubation 
of the diluted plasma and emulsified cultures was at 37° C, 
and observations made at one hour intervals for four hours. 
Deoxyribonuclease activity.
The medium used was DNase test agar and the method 
that of Jeffries, Holtman and Guse (1957). The agar plates 
were heavily inoculated in a band across the center of the 
plate. After forty-eight hours incubation, the plates were 
flooded with a IN HC1 solution. DNA hydrolysis was indi­
cated by a clear zone around the band of growth.
Tyrosinase activity.
Nutrient agar plates supplemented with 0.5 percent 
1-tyrosine were heavily inoculated in a band as for DNase 
activity. Care was taken in the preparation of the plates 
to obtain uniform distribution of the tyrosine crystals. 
Tyrosine decomposition was indicated by complete
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disappearance of the crystals around the band of growth. 
Cellulase activity.
The ability to decompose cellulose was determined by 
growing the cultures in trypticase soy broth in which 
filter paper strips had been placed prior to sterilization. 
Cultures were incubated for a period of one month before 
making final observations.
Sodium hippurate hydrolysis.
The method of Ayers and Rupp (1922) was used. Trypti­
case soy broth containing one percent sodium hippurate was 
the medium employed. After seven days incubation at the 
appropriate temperature for the organism, the volume of 
the medium was restored with distilled water, 0.3 ml of 
culture was transferred to a small test tube and 0.2 ml of 
ferric chloride reagent (FeCl3«6H20, 12g; 2 percent HC1 in 
wateh, 100 ml) added. A permanent precipitate of benzoic 
acid acid indicated the hydrolysis of sodium hippurate. 
Esculin hydrolysis.
The ability to hydrolyze esculin was tested in trypti­
case soy agar to which 0.1 percent esculin was added. Hy­
drolysis was determined by following the disappearance of 
fluorescence and the development of a black color upon the 
addition of 0.5 ml of a five percent solution of ferric 
ammonium citrate after five days incubation.
Proteolytic activity.
The ability to hydrolyze gelatin was tested in nutrient 
broth to which twelve percent gelatin had been added.
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Cultures were incubated for two weeks before making final 
observations.
The ability to hydrolyze casein was determined in a 
medium composed of 500 ml of 3-0 percent water agar and 
500 ml of ten percent skim milk mixed just prior to pour­
ing the plates. The plates were inoculated in a band across 
the center of the plate. The ability to hydrolyze casein 
was considered positive if a clear zone appeared around the 
band of growth within two weeks.
Proteolysis of milk was determined by growing the 
organisms in skim milk. Additional information was ob­
tained on the ability to reduce indicators or induce pH 
changes by the incorporation of litmus and methylene blue 
in the skim milk.
Ammonia production.
The ability to produce ammonia from peptone was de­
termined on nutrient agar slants containing four percent 
peptone. The slants were flooded with Nesslerrs reagent 
after four days incubation. Positive indication of the 
ammonium ion was the formation of a dark yellow, orange, 
or brick-red coloration.
Hydrogen sulfide production.
Triple sugar iron agar, SIM medium and lead acetate 
agar were used as the test media for hydrogen sulfide pro­
duction. The media were stab inoculated and incubated for 
seven days before making final observations.
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Indol production.
The media used were SIM medium and two percent tryptone 
broth. Kovac’s reagent was added to these media after five 
days incubation. The Gnezda oxalic acid test was also used 
with the SIM medium (Society of American Bacteriologists, 
1957).
Methyl red and Voges-Proskauer Test.
MR-VP medium was tested after four and seven days in­
cubation. The methyl red reaction was considered positive 
if the culture was sufficiently acid to turn the methyl 
red indicator a distinct red. For the Voges-Proskauer re­
action, 0.6 ml of five percent alpha-naphthol in ninety- 
five percent ethanol and 0.2 ml of forty percent aqueous 
potassium hydroxide were added to one ml of culture. The 
development of a crimson to ruby color after two to four 
hours was considered a positive test for acetylmethylcar- 
binol.
Growth on selective media.
Brilliant green bile agar, MacConkey agar, SS agar and 
Eosin methylene blue agar media were used. Cultures were 
streaked as if for isolation and observed for growth for a 
period of one week. Tinsdalefs medium (Difco #01-606) and 
Tinsdale's medium prepared according to Moore and Parson 
(1958) were streaked and stabbed and observed for the 
formation of a brown halo surrounding the colonies after 
incubation for eighteen to twenty-four hours (Moore and 
Parsons, 1958). Bile salts tolerance was determined using
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trypticase soy agar supplemented with 2.5 percent or five 
percent bile salts (Difco #311544). Cultures were streaked 
as if for isolation and observed for growth for a period 
of one week.
Hemolysis.
Hemolytic activity was determined in blood agar base 
(Difco #B45) containing five percent oxalated human blood. 
The medium was sterilized, cooled to 50° C and the blood 
added. Petri plates were prepared and inoculated by the 
streak method.
Growth in presence of KCN.
The completed Difco KCN broth in screw-capped tubes 
was inoculated with two drops of a twenty-four hour old 
broth culture, and the tubes capped immediately. Tubes were 
incubated for forty-eight and seventy-two hours and ob­
served for growth. Those cultures showing growth after 
forty-eight or seventy-two hours were subcultured to other 
tubes of the medium and observed for growth. If growth 
occurred after owo such subcultures, an organism was con­
sidered capable of growing in the presence of KCN. 
Deamination of phenylalanine.
Slant cultures of the organisms on phenylalanine agar 
were incubated for forty-eight hours. Five drops of the 
test reagent (2.0 g (NHj^^SO^ and 1.0 ml of ten percent 
H2SO4 in five ml of a half-saturated aqueous solution of 
ferric ammonium sulfate) were added to the growth on the 
slants. A positive test was indicated by the formation of
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a characteristic green color within one to five minutes. 
Malonate utilization.
The ability of the organisms to use malonate as carbon 
and energy source was determined by inoculating tubes of 
malonate broth with one drop of a twenty-four hour old 
broth culture. Tubes were incubated for forty-eight and 
seventy-two hours and observed for growth. Those cultures 
showing growth after forty-eight or seventy-two hours were 
subcultured to other tubes of the medium and observed for 
growth. If growth and alkalinity occurred after four such 
subcultures, an organism was considered capable of utiliz­
ing malonate as carbon and energy source.
Paraffin utilization.
The basal medium of McClung (1954) was supplemented
4
with approximately one percent paraffin. Tubes were in­
oculated with one drop of a twenty-four hour old broth 
culture and observed daily for two weeks. Those cultures 
showing growth were subcultured to other tubes of the 
medium and observed for growth. If growth occurred after 
four such subcultures, an organism was considered to 
utilize the paraffin.
Utilization of nitrogen containing compounds.
The following nitrogen containing compounds were added 
separately in one percent concentrations to the basal medium 
of McClung (1954) with the NaNC>3 omitted: casein hydroly­
sate (General Biochemical Co.), DL-leucine, L-aspartic acid, 
beta-alanine, L-tryptophane, L-histidine, L-lysine
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(Nutritional Biochemicals Co.), DL-aspartic acid (Eastman 
Kodak Co.) and ascorbic acid (Mallinckrodt). Tubes were 
inoculated with one drop of a twenty-four hour old broth 
culture and observed daily for two weeks. Those cultures 
showing growth were subcultured to other tubes of the medium 
and observed for growth. If growth occurred after four 
such subcultures, an organism was considered to utilize the 
compound in question.
Citrate utilization.
Koser’s citrate medium was inoculated with one loop 
of a broth culture, incubated and observed daily for one 
week. Those cultures showing growth were subcultured to 
other tubes of the medium and observed for growth. An 
organism was considered to utilize citrate if growth oc­
curred after four such subcultures.
Asparagine utilization.
The medium and method of inoculation was that of 
Starr (1943)* Cultures were streaked on asparagine agar 
slants and observed for growth. Those cultures showing 
growth were subcultured to other slants. An organism was 
considered to utilize asparagine if growth occurred after 
four such subcultures.
Asparagine-glucose utilization.
The medium was that of Jensen (1934), and the method 
of inoculation was that of Starr (1943).
Diastatic activity.
Nutrient agar supplemented with 0.3 percent common
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starch was the medium used. Starch was considered hydro­
lyzed if at the end of seven days, a colorless zone appeared 
around the colonies after the addition of Gram’s iodine. 
Oxidative or fermentative utilization of carbohydrates.
The basal medium used was that of Hugh and Leifson 
(1953). Carbohydrates were added to the basal medium in 
one percent concentrations and the pH adjusted to 7.1 with 
IN NaOH or HC1. The completed medium was placed in 16 x 
150 mm tubes to a depth of approximately seven or eight cm 
and sterilized by autoclaving for ten minutes at twelve 
pounds pressure. The tubes were removed from the auto­
clave, immediately cooled in water and inoculated by stab­
bing to the bottom of the medium. Incubation was continued 
through fourteen days; readings were made after three, six, 
eleven and fourteen days. Results were recorded as fermen­
tation of the carbohydrate if the lower and upper parts of 
the tubes turned distinctly yellow; if only the upper part 
turned yellow, the result was noted as oxidative attack of 
the carbohydrate. If after fourteen days no color change 
was observed or an intensification of the purple color 
occurred, it was concluded that the carbohydrate was not 
attacked (Mossel, 1962).
Synthesis of starch-like material from phosphorylated car­
bohydrates.
Tubes containing four ml of the phosphorylated carbo­
hydrate media were inoculated with two drops of a turbid 
suspension of the cultures and incubated for five days. At
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twenty-four hour intervals, 0.5 ml samples were removed and 
placed in the depression of a white spot plate. The materi­
al was acidified with one drop of 6N HC1 and one drop 
Gram’s iodine was added. After the fifth day of incubation, 
the cultures were centrifuged for twenty minutes at 2,000 
rpm and the supernatant removed. Both the cells and super­
natant were then checked for polysaccharide as above. A 
positive test for polysaccharide was indicated by the de­
velopment of a blue, or in some cases, a wine red color. 
Determination of phosphate liberation from glucose-l-phos- 
phate.
Two percent glucose-l-phosphate was prepared as above 
and twenty-five ml placed in sterile 125 ml screw-capped 
flasks. Each flask was inoculated with 0.5 ml of a turbid 
suspension of the organism and incubated at 35° C on a 
New Brunswick rotary shaker (IBB rpmj. At intervals, sam­
ples of the media were removed and the cells separated by 
centrifugation at 2500 rpm for twenty minutes. Phosphate 
determinations were made on the supernatant fluids, accord­
ing to the method of Fiske and SubbaRow (1925).
Determination of compounds utilized in the synthesis of 
intracellular starch-like material.
Nutrient agar was used as the basal medium for the 
qualitative determination of compounds utilized in the for­
mation of intracellular starch (Carrier and McCleskey,
1962). Sugars were added to nutrient agar in one percent 
concentrations; natural starches, "Ramalin" (Stein Hall and
i
Co., New York, N. Y.), maltoheptaose and Nageli amylodex- 
trins (Dexter French, Iowa State University) were added in 0.3 
percent concentrations. "Superlose" (Stein Hall and Co., New 
York, N. Y.), a highly purified amylose fraction of potato 
starch, and rice amylose were dissolved in cold 0.1N NaOH 
and neutralized with IN HC1 immediately before they were 
added to media; they partially retrograded when added to nu­
trient agar. Sterilization was performed in an autoclave at 
121° C for fifteen minutes. Aqueous solutions of the Schar- 
dinger alpha- and beta-dextrins (Corn Products Co., Argo,
111.) were filter-sterilized and added to sterile nutrient 
agar to give one percent concentrations. Petri plates were 
prepared with the various media, inoculated by the streak 
method and incubated for five days at optimum temperatures. 
Starch formation was tested by flooding the colonies with 
Gram’s iodine solution.
Determination of the utilization of starch, formation of 
reducing compounds and production of intracellular starch.
Nutrient broth containing 0.3 percent potato starch was 
used as the medium for the quantitative utilization of this 
substrate. Bacteria were removed by centrifugation and the 
cell-free supernatants tested for starch by the method of 
McCready and Hassid (1943). Reducing compounds were also 
determined on the cell-free supernatants by the method of 
Somogyi (1945) and Nelson (1944). Paper partition chromato­
graphy (McCleskey, 1953; Townsend, 1955) was used to detect 
carbohydrates in the supernatants. The cells were washed
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three or four times in distilled water and adjusted to an 
optical density of 0.210 (Spectronic 20, 660 millimicrons). 
Intracellular starch was determined using the modified 
method (Carrier and McCleskey, 1962) of McCready and Hassid 
(1943). The type of intracellular iodophilic polysaccharide 
produced from starch was determined by the method of Schoch
(1945).
RESULTS AND DISCUSSION
Previous studies of corynebacteria, described in the 
literature review, were concerned with only small groups of 
organisms, such as the vascular phytopathogenic corynebac­
teria, or certain domestic animal pathogens, or the diph­
theria bacilli. The results presented here include all the 
available species of the genus.
This section is divided into four parts, (1) morphology 
and cultural characteristics, (2) physiology and biochemical 
tests, (3) a key for the identification of species of the 
genus and (4) the disposition of certain species.
Morphology and Cultural Characteristics 
Cellular morphology.
When grown on trypticase soy agar containing one percent 
bovine serum, all the species are rod shaped (figures 1 
through 6). Cells of the animal species are rather pleomor­
phic showing club shapes (figures IB, 1C and 3B), palisades 
(figures 1A, 1C and ID), "Chinese letters" (figures 1A, 2F 
and 3C) and rudimentary branching (figure 3B). Certain 
species, C. diphtheriae (ulcerans) (figure ID), C. enzvmicum 
(figure IE) and C. pseudotuberculosis (figure 2B) form very 
short "coccoid" rods on all media on which grown. C. hoagii 
(figure IF) and C. eaui (figure 3A) have a tendency to form
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Figure 1. Photomicrographs of Gram-stained preparations of 
(A) C. dinhtheriae mitis, (B) C. diphtheriae gravis, fC) C. 
diphtheriae intermedius. (D) C. diphtheriae (ulcerans). 
fE J C. enzvmicum and (F) C. hoagii. X 850.
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Figure 2. Photomicrographs of Gram-stained preparations of 
f A) C . striatum. (B) C. pseudo tuberculosis. (C) C.. xerosis. 
(D) C. pyogenes. (E) C. renale and IF J C. kutscheri" X 850.
E F
Figure 3- Photomicrographs of Gram-stained preparations of 
(A) C. eoui. (B) C. bovis, (C) C. paurometabolum. (D) C. 
nephridii. (E) C. vesiculare and (F) C. pseudodiphtheriticum. 
X 850.
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coccoid cells in addition,to long and short rods. C. diph­
theriae gravis (figure IB), C. enzymicum (figure IE), C.. 
pseudotuberculosis (figure 2B), C. renale' (figure 2E) and 
C. paurometabolum (figure 3C) have a tendency to form aggre­
gates of cells on all media.
The phytopathogenic corynebacteria (figures 4B through 
4E and figure 5) are less pleomorphic than the animal 
species, and occur as single cells when grown on artificial 
media.
All the species showed some granulation when taken from 
Loeffler's blood serum and stained with methylene blue. 
Granules were more apparent in the animal than in the plant 
parasitic species. Although pseudodiphtheriti cum is 
generally considered to stain evenly with methylene blue, 
numerous granules are present in cells grown on Loeffler’s 
blood serum (figure 4A).
The unusual morphology of C. vesiculare described by 
Busing et al. (1957) was observed when young cells (1S-20 
hours) grown on Loeffler's blood serum were examined with 
the Gram stain or the Schaeffer-Fulton spore stain (figure
6). Long filamentous and spindle shaped Gram-negative cells 
containing round, non-staining bodies were observed. With 
the Schaeffer-Fulton spore stain the round bodies retained 
the malachite green, and the remainder of the cells stained 
red. These bodies are not spores, since the organism is 
killed in ten minutes at 55° C.
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Figure 4- (A) Photomicrographs of a methylene blue stain of
C. pseudodiphtheriticum and Gram-stained preparations of (B) 
C. insidiosum. tC) C. sepedonicum. (D) C. michjganense and 
IE) C. rathavi. X 650.
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Figure 5. Photomicrographs of Gram-stained preparations of 
(A) C. fascians. (B) C. poinsettiae. (C) C. tritici. (D) C. 
^n<3 and (E; C. betael X 350.
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Figure 6. Photomicrographs of C.. vesiculare grown on 
Loeffler’s blood serum and stained by the Schaeffer-Fulton 
spore stain technique. Note the dark bodies which stained 
green. The remainder of the cell stained red. X 850.
t
i
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Staining reactions.
All cultures, with the exception of C_. enzvmicum. 
stained readily with methylene blue, crystal violet, mala­
chite green and carbol fuchsin; this species took the dyes 
less readily.
All species are clearly Gram-positive except C. neph- 
ridii and C. vesiculare. and they are Gram-negative (figure
7). These species were reported by Busing et al. (1957) 
as Gram-positive to variable, but numerous Gram-stained 
preparations taken at different ages and from different sub­
strates failed to confirm their results.
None of the species studied were acid-fast. All species 
showed fat globules when grown on a medium containing gly­
cerol and stained with sudan black B.
Capsules were not demonstrated in any species when 
smears were treated with nigrosin.
Motility.
All the species isolated from animals, except C. vesi­
culare . were non-motile. This species, isolated from the 
medicinal leech, was found to be motile by means of one or
two polar to sub-polar flagella (Carrier and McCleskey, 1961).
*
C. betae, C. tritici. C. flaccumfaciens and C. poin- 
settiae were shown to be motile upon examination of cultures 
grown in semisolid media, and wet mounts of young cultures. 
Flagella stains were not applied to these species since the 
type of flagellation has been established, as reported in 
the review of literature.
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Figure 7. Gram-stain preparations of (A) C. nephridii and 
(bT C. vesiculare.
Colony morphology.
Colony appearance is generally uniform and on trypti- 
case soy agar containing one percent bovine serum, colonies 
are circular, entire to slightly serrate, convex, moist and 
butyrous in consistency, except for five species. Colonies 
of C.. diphtheriae gravis, C. pseudo tuberculosis. C. renale,
C. paurometabolum and C. fascians are irregular, dry, granu­
lar and present a "piled up" appearance, and easily removed 
from the surface of agar with an inoculating loop.
The size of the colonies varies with the medium upon 
which grown and in the case of C. enzvmicum, C,. xerosis and 
C. pyogenes, are generally small (0.5 to approximately 1.0 
mm in diameter).
In liquid media, all species except six produce uniform
turbidity with the formation of a sediment. C. equi, C.
hoagii and all phytopathogenic species except C. fascians 
produce a "sticky" sediment which spirals up the tube when 
swirled. C. fascians. C. paurometabolum, C.. diphtheriae 
gravis and ulcerans, £. pseudotuberculosis and C.. renale pro­
duce a prcnounced pellicle and granular sediment with a clear 
supernatant in broth.
The growth of certain corynebacteria in broth is shown
in figure S. C,. nephridii and C.. vesiculare produced a thin
pellicle, followed by stalactite formation, which is much 
more pronounced with C. nephridii than with C. vesiculare. 
Broth is discolored by the growth of C. vesiculare. C,. enzv­
micum produced even turbidity with a sediment.
I
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Figure £. Growth of certain corynebacteria in liquid media,
A. Left: C. enzvmicum
Center: C. nephridii 
Right: C. vesiculare
B. Stalactite formation of C. nephridii.
i
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Chromogenesis.
£. eaui. C. hoagii. C. pseudodiphtheriticum. C. vesi­
culare and all plant species except C. sepedonicum produce 
a distinct pigment on all media. C. eaui. C. hoagii and C. 
poinsettiae produced a pale pink to salmon pink pigment; C. 
pseudodiphtheriticum. C. flaccumfaciens. C. michiganense.
C. tritici. C.. rathavi and C. fascians produced a bright 
yellow to orange pigment when grown on trypticase soy agar 
supplemented with one percent glucose. C. insidiosum formed 
white to cream colored colonies which rapidly turn blue due 
to the formation of insoluble blue granules as reported by 
earlier workers. Granule formation was more prominent in 
the presence of carbohydrates, and when grown at a slightly 
lower than optimum temperature (20° C). Colonies of C. betae 
were pale yellow and transparent.
Physiology and Biochemical Tests 
The effect of physical and chemical factors.
The effect of temperature on growth and the thermal 
death point of each species is given in table 6.
The results indicate that the species isolated from warm 
blooded animals and man were mesophilic, with good growth at 
30° to 37° C and slight growth at 20° and 40° C. The three 
species isolated from the leech and bedbug, C. nephridii. C. 
vesiculare and C. paurometabolum. grew best at 20° to 30° C 
with slight growth at 4° C and none at 40° C. The most favor­
able temperature for the phytopathogenic species was 20° C
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Table 6. The heat resistance and optimum growth temperature 
of corynebacteria.
Culture
Number
Heat
Resistance
Growth Temperature
Temperature 
ana Time
G G G G 
*H *H -H *rH
e s & e
o  o  o  o
H  r—1 i—I i—i
O  O  O  O  
o o o o 
O  “-r'. O  
*r\ \Q vO
G
•H
e
w\
Oo
CM
o-
o
O
CJ
o
o
CM
Oo
O
Oo
r-
c<\
oo
o
-4-
Oo
UA
-J-
IdiG + + _ _ ± + + ±
IdiM + ± + + ± —
ldil + — — — — — + + —
ldi + + + — — — + + + —
2en + + — — « — ± + + + —
3ho + + + + ± — ± + + ± —
4st + + — — — — + + + ± —
5pst + + — — — — + + + — —
6xe + T + — — i + + i -
7py + + + — — — — + + ± —
9re + + + — * — ± + + -
lOku + _ _ _ _ . ± + • + —
12eq + + + + ■4" - + + + ±
13bo + + + - * - - + + ± -
14pau + - - - - ± + + + - -
15ne + + — - - ± + + ± - -
l6ve + + — — — ± + + - -
17psd + + “ — ± + +
i
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Table 6. concluded.
Growth Temperature
o o  o o o
o o o o o o
o o O C'- O u"\4- N ^
30in . + + . ± + ±
31in + + - - - ± + ± - - -
3 2in + + — — — ± + — - -
6lin + + — — — ± + ± — — —
46se + + — - - ± + ± - - -
47se -t- + - - - ± + ± - - -
33mi + + - - - ± + + ± - -
62mi + + — — _ ± + + ± - -
63mi + + — — — ± + + ± - -
64mi + + - - - ± + + ± - -
34ra + + + - - ± + ± - - -
50fa + + - - - + + ± - - -
5 If a + + - - - + + ± - -
60fa + + — — — + + — — -
3^po + + - - - ± + + ± - -
43 po + +■ - - - ± + + ± - -
44po + + - - - ± + + ± - -
5Spo + + - - - ± + + i - -
39tr + + - - - ± + + - - -
45tr + + - - - ± + + - - -
40fl + + - - - ± + + i - -
531*1 + + - - - ± + + i - -
54fl + + — - ± + + ± - -
55fl + + - - - ± + + ± - -
56fl + + - - - ± + + ± - -
57fl + + - - - ± + + ± - -
42be + + • ± + + ±
Culture
Number
Heat
Resistance
Temperature 
and Time
g
tH
e
o
G
•Hs
c
*Hs
o
g
•Hs c•H6
o  o  o o o
o  o  o  o  o
O  O  tr\ CV
t r \  u r\ \ 0  vO r - -
+, good growth after five days incubation; no growth.
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to 30° C; all grew normally at these temperatures. Some 
species showed limited growth at 37° C, but none grew at 40° 
C. Two groups are formed on the basis of growth temperature. 
The species isolated from warm blooded animals have an opti­
mum growth temperature between 30° and 37® C. The species 
isolated from cold blooded animals (leech and bedbug) and 
those isolated from plants have a lower growth temperature 
with an optimum between 20° and 30° C.
The plant species proved to be quite uniform in heat 
resistance; all except one survived 55° C for ten minutes 
but were killed at 60° C. The animal species showed wide 
variation in resistance to heat; four species failed to sur­
vive 55° C for ten minutes, while the most resistant survived 
72° C for five minutes.
The tolerance of corynebacteria to sodium chloride, bile 
salts and KCN is given in table 7. All the strains toler­
ated 5-5 percent salt except four strains of C. ina-idinanm 
and two of C.. sepedonicum. No significant differences were 
noted between the plant and animal groups; a few species of 
each group tolerated 8.5 percent sodium chloride.
Only four species grew in the presence of 5.0 percent 
bile salts (table 7). C. nephridii and C. vesiculare were 
found to be Gram-negative (figure 7), and as such might be 
expected to grow in the presence of high concentrations of 
bile salts. The growth of C. hoagii and C.. eaui cannot be 
explained on the basis of Gram stain, since they stain posi­
tive. Ramamurthi (1957) reported the growth of C. eaui in
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Table 7. The tolerance of corynebacteria to various chemi­
cals .
Culture
Number
Sodium Chloride
Bile
Salts
(us)
O IfN 
* * •
f'A ca _d-
ir\
•
ua
v\
«
vO
UA
•
r-
UA
■co
UA O 
* *
CV UA KC
N
IdiG + + __
IdiM + + + — —  — —
ldil + + + — —  — —
ldi + + + — —  — —
2en + — — - —  — —
3 ho + + — + + -
4st All + + + + -  - -
5pst + - - - -  - -
6xe Positive + + + + -  - -
7py + - - - - -
9 re + + + + -  - -
lOku + — - - —  — -
12eq + + + - + + -
13bo + + + + -  - -
14pau + + + + - -
15ne + + — — + + -
l6ve + + — — + + -
17psd + — — — —  - —
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Table 7. concluded.
Culture
Number
O  UA • *
OA AA
30in + ±
31in + ±
32in + ±
6lin + ±
46se + ±
47se + ±
33mi + +
62mi + +
63mi + +
64mi + +
34ra + +
50fa + +
51fa + +
60fa + +
3Spo + +
43 po + +
44 po + +
5Spo + +
39tr + +
45tr + +
40fl + +
53fl + +
54fl + +
55fl + +
56fl + +
57fl + +
42be + +
Sodium Chloride (%>)
u a  u a  u a  u\ u a
• • . * .
-d- UA \0 t"- to
Bile
Salts
(*>
UA UA 
.  «
rv ua o
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
±
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+ -
+ + 
+ +
+ -+- 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ +
+
+, growth; - } no growth.
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a medium with a surface tension of 3& dynes.
The growth of C. bovis was reported by Evans (1916) to 
be enhanced by five percent bile. The results obtained 
failed to confirm her observation, since our strain did not 
grow in the presence of 2.5 percent bile.
None of the species tested grew in the presence of KCN 
(table 7).
Oxygen relations.
Results from the study of cultures growing in deep agar 
columns indicate that all the plant pathogens are aerobic. 
They grew to a depth of only one to two cm below the surface 
of the agar.
The animal species are divided into two groups on the 
basis of growth in the deep agar tubes. The aerobic group 
includes C. hoagii. jC. xerosis, C,. equi. C.. bovis. C. pauro- 
metabolum, C. nephridii. C. vesiculare and C. pseudodiph- 
theriticum. These species grew only in the upper one to 
two cm of agar. The facultative group grew in the depth of 
the tubes and includes .C. diphtheriae. C. enzvmicum. C. 
striatum. C. pseudotuberculosis. C. pyogenes. C. renale and 
C. kutscheri. C,. enzvmicum and C. striatum were the most
indifferent to oxygen.
Oxidative or fermentative utilization of carbon compounds.
The oxidative or fermentative utilization of mono- and 
disaccharides and various other carbon compounds (Hugh and 
Leifson, 1953) is given in tables 3 and 9. It is of in­
terest to note that, when a carbon compound was utilized by
Table 3. The oxidative or fermentative utilization of mono-
and disaccharides by corynebacteria.
Q>0) <u cu a) 01m 0) <y CO to (0 oo 0 01 CO o 0) <u 0) cu o o •HO) <D g 01 O o p CO CO <0 00 r-1 ■H X>0] co o -P c o o o o o CO X> Oo o o 5 CO G p G P *G •H rl
XI iH 03 3 3 3 1—1 G I—t O a a> rH H
Culture *H G rH G XI cO <0 CO 3 co G 0 <D
Number Pi X o (X Pi o s K CO PJ S O
IdiG 0 0 _ 0 0 0 0 0 F
IdiM 0 0 0 0 - 0 0 0 - - - - F
ldil 0 0 - 0 0 - 0 0 0 - - - - F
ldi 0 0 - 0 0 - - 0 0 - - 0 - -
2en F F F F F - F F F F - F - F
3ho 0 - 0 - - - - - - - - - -
4st — - - F F - F F - F - - - F
5pst 0 0 0 0 0 _ 0 0 0 0 — — 0 F
6xe 0 - - 0 0 - 0 0 0 - - - - -
7py F F F F F F F 0 F F F F F F
9re 0 - - 0 0 - 0 0 - - - - - -
lOku 0 0 - 0 0 - 0 0 0 0 - - - F
12eq 0 - - - - - - - - - - - - -
13bo - - - 0 0 - 0 - 0 - - 0 - -
14pau - - - 0 0 - 0 - - 0 - 0 - -
15ne 0 0 0 - 0 - 0 - - - - - - -
l6ve — — 0 - - — 0 - - - - - - -
17psd
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Table 8. concluded.
Culture
Number
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32in 
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47se 
33mi 
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63mi 
64mi 
34ra 
5 Ofa 
51fa 
60fa 
3dpo 
43 po 
44po 
5&V>o 
39tr 
45tr 
40fl 
53n 
54fl 
55fl 
56fl
57fl
42b e
- 0 0 0 0 - 0 0
- 0 0 0 0 - 0 0
- 0 0 0 0 - 0 0 - - - - -
- 0 0 0 0 - 0 0 0 0 - - - 0
- 0 - 0 0 - 0 0 - 0 - - - -
- 0 - 0 0 - 0 0 - 0 - - - -
- 0 0 0 0 - 0 0 0 0 - - 0 0
- 0 0 0 0 - 0 0 0 0 - - - 0
- 0 0 0 0 - 0 0 0 0 - - 0 0
- 0 0 0 0 - 0 0 0 0 - - - 0
0 0 - 0 0 0 0 0 - - - - - -
0 - 0 0 0 - - 0 - 0 - 0 - -
0 - 0 0 0 - 0 0 - 0 - 0 - -
0 — 0 0 0 - 0 0 - 0 0 - -
0 0 0 0 0 - 0 0 0 0 0 0 0 0
0 0 0 0 0 - 0 0 0 0 - 0 0 0
0 0 0 0 0 - 0 0 0 0 0 0 0 0
0 0 0 0 0 - 0 0 0 0 - 0 0 0
- 0 0 0 0 - 0 0 - - - - 0 -
— 0 0 0 0 - 0 0 -
- 0 0 - 0 0 0 - - - - - - -
— 0 — 0 0 0 0 0 - 0 - - - 0
- 0
r\
- 0 0 0 0 0 0 — — - 0
-
u
0 0 0 0
n
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0
0
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0, oxidative utilization of carbon compound (acid in top 
portion of tube only); F, fermentative utilization of carbon 
compound (acid throughout tube); no acid production.
Table 9- The oxidative or fermentative utilization of
various carbon compounds by corynebacteria.
Culture
Number
<uCOod■H
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3
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IdiM
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ldi
2en
3 ho
4st
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7py
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13bo
14pau
15ne
l6ve
17psd
0 0 -  -  -  -  -  -  0
0 0  - 0
0 0 -  -  -  -  -  -  0
0 0 -  - - - - - 0
F F F F  - - - 0
- - - F - - - - F
0 0 -  - - - - - 0
0 0 -  -  -  -  -  -
F F - - F - - - F
F F - - - - - -
0 0 -  -  -  -  -  -
- - - - - - - - 0
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Table 9. concluded.
CD
<o <n
CD O rH i—I rH i—I i—I
O P  G G  O O O O O
a *H G  >H .G -H  £ .p -p .p P G
•H  M -H S-t O  O  -H  t I  <H t 4 t I  ©
Cm  -h  iH p  g -h p o j .q o g oC M ^ H ^ X a 5 r H O O t . r - j C > .
Culture
Numhftr*
cd
*
cM <Da pCO <dCO CDCL GH
oCO pn s
1—1
O
30in 0
31in 0
32in — n
6lin 0 0
46se 0 — 0
47se 0 - 0
33mi 0 — — — 0 0 — — — 0
62mi 0 — * — 0 0 0
63mi 0 — _ 0 0 _ _ _ _ 0
64mi — — — — 0 0 — _ 0
34ra 0
50fa 0 0
51fa _ n 0
60fa - - - - - - - — — — 0 0
3^po 0 0 - 0 0 0 0 - - - - 0
43 po 0 0 - 0 0 0 0 - - - — 0
44 po 0 0 — 0 0 0 0 — _ — _ 0
5Spo 0 0 — 0 0 0 0 — _ _ 0
39tr 0 - 0 — - - — — - — 0 0
45tr 0 - 0 0 0
40fl — • — w 0 0 0
53fl — * — — 0 0 0
54fl 0 — — — 0 — — — — — • 0
55fl — — _ — — _ _ _ —
56fl - - - - 0 0 0
57fl - - - - - - - - - - - -
42be - - - 0 0 0
0, oxidative utilization of carbon compound (acid in top 
portion of tube only); F, fermentative utilization of 
carbon compound (acid throughout tube); no acid pro­
duction.
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C. enzvmicum. C. striatum and C. pyogenes. acid production 
was always evident within twenty-four to forty-eight hours, 
and the compounds were attacked fermentatively, with the 
exception of mannitol, which was attacked oxidatively by C. 
enzvmicum.
The four C. diphtheriae strains are apparently weakly 
fermentative, based on their action in the medium of Hugh 
and Leifson. Tubes containing the carbon compounds were 
acidified first in the top one or two cm of the agar, but 
after two or three days further incubation, the entire agar 
column became acid. The ulcerans strain (Gilbert and Stew­
art , 1927) differed from the mitis, gravis and intermedius 
strains of C. diphtheriae in failing to attack galactose and 
cellobiose and in attacking trehalose.
Glucose, fructose, galactose, ribose, dextrin, starch 
and glycerol were attacked by a majority of the animal 
species.
The carbon compounds utilized by the plant species were 
without exception attacked oxidatively. Acid was produced 
only in the upper one or two cm of the agar column. Glucose, 
fructose, xylose, galactose, mannose and glycerol were 
attacked by most of the plant species tested.
Inositol, sorbitol and dulcitol were not attacked by 
the plant species; only C. tritici attacked inulin, and only 
C. ooinsettiae utilized pectin. None of the animal species 
attacked raffinose, melezitose, inulin, sorbitol and dulci­
tol; only £. pw95vwi-i nim utilized mannitol and only C. xerosis
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attacked Inositol.
Utilization of carbon and nitrogen compounds.
The substrates utilized as carbon and nitrogen sources 
are presented in table 10. C,. fascians and C. paurometa-
bolum utilized malonate and ammonia as carbon and nitrogen 
source; only C.. fascians utilized asparagine and Koser’s 
citrate; C. fascians. C. striatum. C.. paurometabolum and, to 
a limited extent, C. renale and C. eoui utilized asparagine 
and glucose. The latter species showed only slight growth 
upon the fourth transfer to asparagine-glucose agar.
The ability of C_. striatum and C. paurometabolum to 
grow on asparagine-glucose agar places them into a group 
separate from the other species isolated from animals, which 
require organic nitrogen in the form of peptone, or eight 
or more amino acids (Mueller, 193S; Jensen, 1952). The 
classification of C. fascfans was questioned by Starr (1949).
Four animal species, C. hoaeii. C. eaui. C. nephridii 
and C. vesiculare, and all phytopathogenic species except C. 
betae. C. sepedonicum and C. poinsettiae grew in the presence 
of casein hydrolysate.
Paraffin, aspartic acid, alanine, lysine, tryptophane, 
histidine and ascorbic acid failed to support the growth of 
any of the corynebacteria when added to the medium of McClung 
(1954).
Proteolysis.
The proteolytic activity of corynebacteria on various 
substrates is presented in table 11. With the exception of
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Table 10. The utilization of nitrogen and carbon compounds 
by corynebacteria.
©
Culture
Number
I -u ©
© © aJ C
G c to 05 ©
© c •H •H <D >■» •G G O oa> ■P ■H bO bO CQ rH © © CL tH *H i H
05 05 05 O G O G G © O *G P X)05 C! C , Ci a -H Ci •H H G P •tH C. -G Ci TJC. O a) 05 01 G © T5 © G -H CL P 05 tH O -HrH c, CL CLi—1 (0 > . C l 05 © ra CL O O O•H q j q j <0 to bO 05 .G © r — i Ci - H «  Of a o5
O s 0 - . • < -a; O i-H i G P C
IdiG
IdiM
ldil
ldi
2en
3 ho
4st
5pst
6xe
7py
9re
lOku
12eq
13bo
14pau
15ne
l6ve
17psd
+
+
±
+
+
+
All
Negative
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Table 10. concluded.
Culture
Number
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<D
-P
c
•H
a)
c
•rH
ho
1
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■H fl) 
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p
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CO
rH a> fl)
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£
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£
t H
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30in 
31in 
32in 
6lin 
46s e 
47se 
33mi 
62mi 
63mi 
64mi 
34ra 
5 Of a 
51fa 
60fa 
3#po 
43 po 
44po 
5opo 
39tr 
45tr 
40fl 
53fl 
54fl 
55fl 
56fl 
57 fl
42be
+ + -
+ +
+  +  -
+
+
+
+
+
+
+
+
+
+
+
+
H-
+
+
+
+
+
+
+
+
+
+
+
+
All
Negative
+ , growth; no growth.
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Table 11. The hydrolytic activity of corynebacteria on
various substrates.
I
Culture
Number
IdiG
IdiM
ldil
ldi
2en
3 ho
4st
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Table 11. concluded.
Culture
Number G
el
at
in
Ca
se
in
Bl
oo
d 
se
ru
m
Le
ci
th
in
Li
pi
d
Ur
ea
Es
cu
li
n
Ty
ro
si
ne
DN
A
Na 
hi
pp
ur
at
e
St
ar
ch
Ce
ll
ul
os
e
30in ± + + ±
31in k - - - - - + - + - ± -
32in ± - — — — - + — + — ± -
6lin — — — — — — + — + - ± —
46se - - - - - - + - - - ± -
47se - - - - - - 4- - - - ± -
33mi k - - - - - + - + - ± -
62mi - - - - - - + - - - k -
63mi - - - - - - + - - - k -
64mi - - - - - + - + - k -
34ra k - - - + - + + + - ± -
50fa - - - - ± + - - - - -
51fa _ — — — + — — — - -
60fa — — — — ± + — - - - -
33po ± - - - - - + - + - + -
43 po ± - - - - - + - + - + -
44 po ± + - - - - + - + - + —
5$po - - - - - - + - - - + -
39tr - - - - - - + - + - k -
45tr ± - - - - - + - + - k -
40fl - + - - - - + - - - k -
531*1 - + - + - + -
54fl + - - - - - + - - - + -
55fl + + - — - - + - - - + -
56fl — + - - - - + - - - + -
57fl + — - - - - + - + - + -
42be i — — — + + ±
+ , hydrolysis; *, slight or doubtful hydrolysis; no 
hydrolysis.
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C.. pyogenes. the animal and plant corynebacteria are only- 
weakly proteolytic. This organism rapidly hydrolyzed gela­
tin, blood serum and casein, and brought about acidification, 
coagulation and digestion of litmus milk (table 12). C. 
enzymicum. C. renale and C. vesiculare also hydrolyzed 
casein, and C.. paurometabolum and C. vesi culare weakly hydro­
lyzed gelatin.
Gelatin and casein were hydrolyzed by several plant 
species, but hydrolysis was found to be variable, depending 
upon the strain. Figure 9 shows the action of three isolates 
of C.. flaccumfaciens on casein. Blood serum was not hydro­
lyzed by any plant species.
Biochemical tests.
C. eaui and C.. hoagii were the only species of coryne­
bacteria showing lecithinase activity (table 11).
DNA hydrolysis was restricted to only three animal 
species, while most of the plant species showed DNase 
activity.
Lipids are apparently not attacked very readily by 
corynebacteria. Only one plant pathogen, C.. fascians. and 
three animal species, C. pyogenes, C_. nephridii and C. vesi­
culare . brought about the hydrolysis of Wesson oil and oleo­
margarine .
Urea was hydrolyzed by seven animal species and only one 
plant species (C. fascians).
Esculin was hydrolyzed by all plant species except G. 
fascians. C. enzvmicum. C. kutscheri. C. nephridii and
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A
Fieure 9. The action of different strains of C. flaccum- 
faciens on casein. (A) ATCC #63*7 (40fl), (B) Burkholder 
F6 (53fl) and (C) Burkholder F18 (57fl)*
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C. vesiculare were the only animal species to hydrolyze 
esculin.
Tyrosine was decomposed by only four of the twenty-five 
species studied (table 11 and figure 10). C. rathavi. C. 
vesiculare and C. striatum brought about decomposition 
within forty-eight to seventy-two hours. C. fascians re­
quired from four to six days to completely clear the tyro­
sine crystals immediately surrounding the growth. C. 
vesiculare produced a soluble rust colored substance in 
media containing tyrosine (figure 10) but not in the same 
media without tyrosine. The rust pigment may be an inter­
mediate in the formation of melanins from tyrosine.
Three species, C. hoagii. C.. striaturn and C. renale 
hydrolyzed sodium hippurate.
Reduction of methylene blue is not characteristic of 
corynebacteria; only two animal species, C_. pyogenes and 
C.. nephridii, gave a positive test (table 12).
Four plant species, C. insidiosum, C. poinsettiae. 
flaccumfaciens and C. betae reduced methylene blue, but 
results were variable and dependent upon the isolate (table 
12).
Nitrites were produced from nitrates by all the C. 
diphtheriae strains except ulcerans. In addition to these, 
five animal and three plant species produced nitrites from 
nitrates. C. nephridii reduced nitrates primarily to end 
products other than nitrites very rapidly. Nitrates com­
pletely disappeared within twenty-four to thirty-six hours,
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Figure 10. Decomposition of tyrosine by corynebacteria.
Left: C. rathavi
Center: C. vesiculare
Right: C. striatum
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Table 12. The activity of corynebacteria on various sub­
strates.
<u£ i
JX H £ atrH £ O CO .£at ■H a> -H p -d- a>e i—1 P p 01 ^  P £at a> o •H >> O. Oh <1)01 i—l p  £ U rH rH 1 rH3 X •H X? £ T) O O £ 0)
s £ u o rH O 6 £ -H ,£ 3
Culture p-H a>P
P  £ •H Pu rH(D O © .H .£
o a)
,£ i—i
P  rH ® P
Numher* P) Oh S tr* PQ Oh S
IdiG nc . + r H .
IdiM nc - + r - - -
ldil nc - + r - -
ldi nc - - r H + -
2en rACD - - r - - -
3ho A1 - + r - + -
4st nc - + r - + -
5pst nc — — r - — -
6xe nc — - r - - -
7py rACD - - r H - r
9 re A1 D - r - - -
lOku nc - - r - - -
12eq A1 - ± r - + -
13bo nc - — r — — —
14pau A1 - - r — — —
15ne nc D + r - - r
l6ve nc - - r - + -
17psd nc + r
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Table 12. concluded.
0
g i*H c a)i—1 c o CO x:*H as •H a> •rH -p -J- 0
B i—i ■P -p to 'RS cas a) o ■H >. 0in <—i -P cs J-r r-H r-H 1 I—1G >> •rH T3 G T? O O £ 0
B G G O r—1 o g G fH XI 0
Culture -p•H asx: -P G •H (X l—1 0 o a) i—i x 0 0 X iH ■P rH 0 X>
Number X) CL, S E- m a. s
30in r r . r
31in r - - r - - r
32in A - - r — — r
6lin r - - r - - -
46se nc — — r — _ —
47se nc — — r — _ _
33mi r — - r — — —
62mi r — — r — _
63mi r — — r _ _ —
64mi r - - r - - -
34ra Al - ± r - -f -
50fa Al - ± r - ± -
51fa Al - ± r - ± -
60fa Al - ± r - ± -
3Spo rCD - - r - - r
43 po rCD - - r - - r
44 po rCD - - r - - r
5^po rCD - - r - - r
39tr nc - ± r - - -
45tr nc - ± r - - -
40 fl rCD - - r - - -
53fl rCD - - r - - -
54fl rCD - - r - - r
55fl rCD - - r - - r
56fl rCD - - r - - -
57fl rCD - - r - - -
42be rCD r r
+, hydrolysis or production; 1, slight or doubtful;
no action; A, acid; Al, alkaline; C, coagulation;
D, digestion; H, hemolysis; nc, no change; r, reduction.
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and only a faint trace of nitrites and little ammonia could 
be detected. Growth of C.. nephridii occurred only in the 
upper one to two cm of plain agar columns, but throughout 
the column when nitrate was added. Many more cells were 
formed in nitrate broth than in plain broth and it is assumed 
that the majority of nitrates are used in the production of 
cellular material and not entirely as final hydrogen accept­
ors. Nitrites would accumulate in the medium if the latter 
were the case.
Hemolysis of human blood occurred only in the presence 
of growth of C. diphtheriae gravis and ulcerans, and C. 
pyogenes (table 12).
Bray (1944) stated that C_. diphtheriae could be dif­
ferentiated from other animal parasitic species based on the 
failure of £. diphtheriae and the ability of the other 
species to hydrolyze phenolphthalein diphosphate. The re­
sults of this study failed to confirm the observation of 
Bray; only five of the seventeen species of animal corynebac­
teria hydrolyzed phenolphthalein. All the plant species 
were negative except C. rathavi and C. fascians. Figure 11 
shows the typical phosphatase reaction obtained with positive 
cultures.
Hydrogen sulfide, indol, acetylmethylcarbinol and coag- 
ulase were not produced by any of the corynebacteria tested 
(table 13).'
Ammonia was liberated from peptone media by all species 
except C. pseudotuberculosis and C. bovis. C. diphtheriae
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Figure 11. A typical phosphatase reaction obtained with 
C . equi.
Table 13* The biochemical characteristics of corynebacteria.
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IdiG _ + . +
IdiM - — + - - - + - +
ldil — — + — — - + — +
ldi — — + ± — - + - +
2en - - + + - - — - -
3ho - - + - - - + - +
4st - - + ± - - + - +
5pst + - +
6xe — — + — - - + - +
7py - - ± - - - + - +
9re - - + -k - - + - +
lOku — - + — — - + - +
12eq - - + - - - + - +
13bo — - - - - - + - +
14pau - - + - - - + - +
15ne _ — ± — — + + — +
l6ve — — + — — + + — +
17psd — — — — — + — +
Table 13- concluded.
Culture
Number H
yd
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n
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l
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a
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> Ox
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e
Ca
ta
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Co
ag
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e
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e
30in + . + + +
31in - - + - - + + - +
32in — — + — - + + — +
6lin — — + — - + + - +
46se — — + - - + + - +
47se — — + - - + + - +
33mi — — + — — + + - +
62mi _ + __ — + _ +
63mi _ _ + _ — + + — +
64mi — — + — — + + — +
34ra — + — — + + - +
50fa — — + — — — + — +
511a + _ _ _ + _ +
60fa — — + — — — + —
3#po - - + - - + + - +
43 po - - + - - + + - +
44po - - + - - + + - +
5dpo - - + - - + + - +
39tr - - + - - - + - +
45tr - - + - - + - +
40fl - - + - - + + - +
5311 - - + - - + + - +
5411 - - + - - + + - +
5511 - - + - - + + - +
5611 - - + - - + + - +
5711 * - + - - + + - +
42be • + + + +
+, production; no production.
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ulcerans, £. striatum and C.. renale produced a weakly posi­
tive methyl red reaction. The methyl red reaction produced 
by C. enzvmicum was strongly positive within twenty-four 
hours.
All species were catalase and cytochrome oxidase posi­
tive except C. enzvmicum. which was negative to both tests.
The results of Maclean et al. (1946) were not confirmed. 
C. pyogenes was found to be catalase positive when grown on 
serum trypticase soy agar and when grown in association with 
Staphylococcus aureus on nutrient agar (Ballard et al.,
1957).
The plant species, except fascians and C. tritici, 
are oxidase positive; only two animal species, C.. nephridii 
and C. vesiculare. are positive.
Growth in selective media.
Tellurite was reduced by all species tested (table 12). 
The strains of C. diphtheriae grew on Tinsdale’s medium with 
the formation of black colonies surrounded by a brown halo 
(figure 12). The brown discoloration was first noted, after 
ten to twelve hours, at the points where the agar was stabbed 
with the inoculating needle. No other corynebacteria tested 
produced the brown discoloration within the specified time 
(twenty-four hours); C. pseudodiphtheyi num. c. striatum, and
C. paurometabolum showed a slight brown discoloration after 
forty-eight hours in areas where growth was heaviest. Most 
plant species except C. fascians and C. rathavi were severely 
inhibited and grew only slightly after forty-eight to
AB
Figure 12. Growth of (A) C. striatum and (BJ C. diphtheriae 
on modified Tinsdale’s medium. Note the brown halo surround­
ing colonies of C.. diphtheriae.
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seventy-two hours. £. fascians produced light gray colonies 
and C. rathavi developed a heavy viscid gray to black growth. 
They failed to discolor the medium. C. xerosis. C. pyo­
genes . C.. nephridii and C. vesiculare showed slight, if any 
growth after twenty-four to thirty-six hours.
All species acted as one in the reduction of nitro blue 
tetrazolium, iodonitrotetrazolium and tetranitro blue tetra- 
zolium. Blue tetrazolium and triphenyltetrazolium were not 
reduced by any of the corynebacteria. C. rathavi. C. fas­
cians, £. michiganense and two isolates of C. f1«finimfaciens 
reduced neotetrazolium. The results obtained do not seem 
applicable to the identification of C. diphtheriae. as was 
suggested by Monis and Reback (1962), since many of the 
species acted similarly in their reduction of tetrazolium 
salts.
SS agar did not support the growth of any species 
tested. C. vesiculare and C. nephridii grew on MacConkey 
agar, eosin methylene blue agar and brilliant green bile 
agar. C. paurometabolum and C. fascians grew on eosin 
methylene blue agar and brilliant green bile agar only; all 
other species failed to grow.
Action on starch.
The diastatic activity of corynebacteria is given in 
table 11. The gravis and ulcerans strains of C. diphtheriae 
and vesiculare were the only animal species that hydro­
lyzed potato starch. All the phytopathogenic species (table 
11) showed some diastatic activity except C. fascians. but
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the activity was very weak with all species except C. poin- 
settiae and C. sepedonicum, and most strains of C. flaccum- 
faciens. The colonies of the species showing only slight 
diastatic activity were surrounded by a reddish zone of 
hydrolysis, after flooding with Gram’s iodine solution.
These results are not in accord with Ramamurthi (1957), 
who reported no action on starch by nine species, including 
two animal species and seven plant species.
In addition to the diastatic activity of the coryne­
bacteria, an unusual effect was observed when several 
species, C. striatum, C. renale, C. pseudotuberculosis,
C. kutscheri, C. pseudodiphtheriticum and C. tritici, were 
grown in the presence of potato starch. The colonies of 
these species stained blue when grown on starch substrate 
and treated with iodine solution. The organisms were found 
to incorporate a starch-like material within their cells 
(Carrier and McCleskey, 1961a, 1962). Figure 13 shows one 
such intracellular starch producer grown on potato starch 
agar for five days and flooded with iodine solution.
The intracellular location of the starch was proved by 
microscopic examination of cells treated with iodine and by 
the treatment of heated and unheated washed cells with 
saliva (figure 14).
The substrates utilized by the corynebacteria in the 
formation of intracellular starch-like material are given in 
table 14- Glucose-l-phosphate was utilized for starch syn­
thesis by all strains of C. diphtheriae as reported by
Figure 13- C. renale grown on 0.3 percent nutrient potato 
starch agar Tor five days at 37° C and flooded with iodine 
solution. Note the blue staining colonies. Colorless areas 
indicate zones of hydrolysis caused by contaminants produc­
ing amylase; the colonies of corynebacteria stain blue in 
these areas, indicating the intracellular location of the 
starch-like material.
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Figure 14. Effect of saliva on heated and unheated starch- 
grown washed cells of corynebacteria. Iodine was added after 
exposure to saliva for 25 minutes. Tube 1, unheated cells; 
tube 2, unheate.d cells plus saliva; tube 3, heated cells plus 
saliva; tube 4» heated cells; tube 5, starch plus saliva.
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Table 14* Synthesis of intracellular starch-like polysac­
charide from various substrates by corynebacteria.
Substrate
Culture Number
s•H
T3
•H -P 
r-i
-P 
03 
(X 
l r \
<u
uo
T3
03
a.r-
^ u
HP -PCT\ U"\
<r\ -d-
Gluco s e-1-PO^
Glucose-6-P04
Starch (potato)
Starch (corn)
Superlose
Amylose (rice)
Ramalin
Dextrin
Glycogen
Phytoglycogen
+ + + + — + — + — — —
_ _ _ _ + + + + + + +
— — - - + + + + + + +
— — - — + + + + + + +
— — — — + + + + + + +
_ _ _ — + + + + + + +
± ± ± ± ±
All cultures negative on
Inulin
Dextran
Schardinger
alpha-dextrin
Cellobiose
Schardinger
beta-dextrin
Maltose
Sucrose
Lactose
Melezitose
Raffinose
Galactose
Glucose
Fructose
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Figure 15. The production of starch-like material from 
glucose-l-phosphate by corynebacteria. Cells were placed 
in the depressions of a spot plate and Gram’s iodine added.
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Hehre et al. (1947), and also by C. pseudotuberculosis and C. 
kutscheri (Carrier and McCleskey, 1961a). The polysaccharide 
produced from glucose-l-phosphate by C,. kutscheri and by the 
intermedius strain of C. diphtheriae gave a reddish-wine 
color; those produced by C. pseudotuberculosis and mitis, 
gravis and ulcerans strains of C. diphtheriae stained blue 
with iodine (figure 15). This suggests that the polysac­
charide of the former culture is amylopectin or glycogen­
like, similar to that produced from sucrose by Neisseria 
sp. (Hehre, 194&), and that of the latter is an amylose-type 
polysaccharide.
Corn starch, potato starch, rice amylose, Superlose, 
Ramalin and, to a limited extent, dextrin were utilized by 
,C. striatum. C. pseudotuberculosis. C. renale. £. kutscheri. 
£.* tritici and C.. pseudodiphtheriticum. The intracellular 
polysaccharide produced from substrate starch by these 
species was of the amylose type.
The release of inorganic phosphate from glucose-l- 
phosphate by the starch producing species is shown in table 
15* and graphically presented in figure 16. Only those 
species shown to produce iodophilic polysaccharide (table 
14) from glucose-l-phosphate released a significant amount 
of inorganic phosphate from that substrate. C.. pseudotuber­
culosis and (3. diphtheriae gravis produced a blue-staining 
polysaccharide and released 63.5 to 70.5 mg/100 ml, re­
spectively, of inorganic phosphate after 117 hours. C,. 
kutscheri produced a wine-red staining polysaccharide and
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Table 15. Phosphate released from glucose-l-phosphate by 
corynebacteria.
Time in 
Hours
IdiG 4st 5ost 9re lOku 17Dsd
0 6.64 10.00 7.69 10.00 7.69 7.69
5 6.06 7.69 6.46 6.46 6.46 6.46
21 13.65 7.69 6.65 6.06 7.69 7.69
45 2 3.35 7.69 21.54 7.69 9.23 7.69
69 36.92 6.92 33.06 7.69 12.31 6.46
93 63.06 10.77 60.15 10.77 21.54 10.77
117 -0 o • o 10. 20 66.50 10.50 30.60 10.20
Determinations made -with the Fiske-SubbaRow method. Values 
expressed as milligrams percent inorganic phosphate.
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Figure 16. The release of inorganic phosphate from glucose- 
l-phosphate by corynebacteria. Data from table 15; measured 
by the Fiske-SubbaRow method.
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released 30.& mg/100 ml of inorganic phosphate. The results 
suggest that those species which do not produce starch from 
glucose-l-phosphate lack a transport mechanism for this com­
pound or else do not possess phosphorylase.
Hehre (194&) showed that by increasing the molecular 
concentration of inorganic phosphate to sixfold that of the 
substrate concentration, the action of phosphorylase obtained 
from the Neisseria sp. was inhibited. A tenfold ratio of 
inorganic phosphate to substrate starch failed to inhibit 
the formation of intracellular starch from substrate starch 
by the corynebacteria tested. Schardinger alpha- and beta- 
dextrin also failed to inhibit intracellular starch synthe­
sis by the corynebacteria, although they were reported to 
inhibit potato phosphorylase (Green and Stumpf, 1947). 
Although C. pseudotuberculosis and £. kutscheri contain 
phosphorylase, the failure of high concentrations of in­
organic phosphate and the Schardinger alpha- and beta-dex- 
trins to inhibit starch synthesis from a starch substrate 
suggests that this is not the primary means by which these 
organisms synthesize intracellular starch. Further evidence 
is suggested by the behavior of C. kutscheri in forming 
amylose from starch, but amylopectin-like (red staining) 
material from glucose-l-phosphate.
Sugar phosphates, maltose, sucrose and pentoses have 
been reported to be satisfactory substrates for the synthe­
sis of iodophilic polysaccharides by bacteria (Carrier and 
McCleskey, 1962). None of these substrates seem to be
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intermediates in the formation of intracellular starch by 
corynebacteria grown in the presence of starch (table 14).
To test the possibility that degradation products of starch, 
other than those included in table 14 may be intermediates 
in the formation of intracellular starch, chromatographic 
examinations, determinations of reducing compounds, and 
measurements of substrate and intracellular starch were made 
on the culture fluids at intervals throughout the incubation 
period. Since C. diphtheriae gravis possesses an amylase 
and does not form intracellular starch from potato starch, 
it was included in these studies as a control. C. tritici 
was not included since it produced intracellular starch only 
feebly from substrate starch.
The chromatograms revealed no carbohydrates in the 
mobile phase, except with C. diphtheriae. The results of 
tests for reducing substances are presented in figure 17- 
None of the species producing intracellular starch from the 
starch substrate showed significant increases in reducing 
substances.
The changes in substrate starch, intracellular starch, 
and reducing compounds effected by four species of coryne­
bacteria which produce intracellular starch are given in 
tables 16, 17 and 18, and presented graphically for four of 
the starch-producing species in figures 18 and 19. In each 
instance, the decrease in substrate starch was accompanied 
by an increase in intracellular starch, without significant 
changes in the reducing value of the medium.
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Figure 17. Comparison of reducing compounds produced in 
potato starch broth by corynebacteria. Data from table 18; 
measured by the Somogi-Nelson method.
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Table 16. Utilization of starch by starch-producing coryne­
bacteria as indicated by the "blue value” of culture super­
natants.
Time in 
Hours
IdiG 4st 5pst
Culture Number 
9re lOku 17psd Control
0 .310 .330 .320 .315 .310 .325 .326
a .255 .320 .310 .290 .290 .300 .310
24 .000 .275 .300 .230 .296 .300 .300
32 .000 . 250 .270 . 265 .295 .290 .300
4a .000 . 225 .155 .250 .273 .290 .300
56 .000 .154 .oao .240 .200 .252 .235
72 .000 .155 .060 .250 .170 .245 .235
ao .000 .140 .050 .214 .140 .250 .235
92 .000 .100 .035 .150 .120 .220 .300
116 .000 .060 .020 .140 .070 .200 .235
140 .000 .050 .010 .140 .023 .150 .235
Values expressed in optical density, determined with the 
Spectronic 20 at 660 millimicrons. Method of McCready and 
Hassid (1943).
i
3
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Table 17* Intracellular starch formation by corynebacteria.
Time in 
Hours
IdiG 4st 5pst 9re lOku 17nsd
24 .020 .020 .040 .010 .040 .050
43 .010 .040 .130 .040 .090 .055
72 .020 .070 .230 .130 .140 .135
96 .010 .130 .290 .170 .150 .125
120 .020 .155 .230 .150 .130 .130
143 .005 .150 .235 .150 *135 .125
172 .005 .150 .110 .150 .110 .125
Values expressed in optical density, determined with the 
Spectionic 20 at 660 millimicrons.
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Table IS. Reducing compounds produced in potato-starch 
broth by starch-producing corynebacteria.
Time in 
Hours
IdiG 4st 5pst
Culture Number 
9re lOku 17psd Control
0 49.3 49.3 49.3 50.7 49.3 45.1 52.1
8 107.1 49.3 49.3 52.1 50.7 45.1 52.1
24 92.9 43.6 50.7 51.4 51.4 39.4 45.1
32 52.1 47.9 53-5 54.2 54.2 43.6 50.1
43 51.4 47.2 52.1 45.3 47.2 47.2 51.4
56 62.0 53.5 53.5 53.5 57.0 52.1 49.3
72 53.8 54.4 55.9 63.2 59.6 53.1 47.1
SO 57.7 53.5 54.2 59.2 56.3 55.6 46.5
92 56.3 52.8 53.5 57.7 56.3 56.3 47.2
116 54.2 50.7 53-5 56.3 54.2 53.5 49.3
140 54.7 49.3 52.1 55.9 53.5 52.1 50.7
Values expressed as micrograms per milliliter. Determini- 
nations made with the Somogyi-Nelson method.
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Figure 13. The utilization of substrate starch, the forma­
tion of intracellular starch and the production of reducing 
compounds by (A) C. striatum and (B) C. pseudotuberculosis. 
Data from tables 16, 17 and 18.
177
so-
29 '
O  19
■20
20 40 •0 80 I O O 120 140 ISO 120
T I M E  IN H O U R S  
A
30-
2 9-
- I O O
X
Q -80
-60
-20
I O  K U
20 4 0 60 8 0 100 120 160
COO
C LO
o
z
ooo
40 cr
o~>
a.
T I ME  IN H O U R S  
B
Table 19. The utilization of substrate starch, the forma­
tion of intracellular starch and the production of reducing 
compounds by ( A )  £. renale and (B) C. kutscheri. Data from 
tables 16, 17 and 16.
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Though tests with culture supernatants and concentrated 
cell suspensions revealed no evidence of amylase activity, 
either by increase in reducing substances or by chromato­
graphy, the supernatants of sonic-treated cultures actively 
degraded starch. Intracellular starch usually decreased in 
cultures after depletion of the starch substrate. Rapid 
decrease of intracellular starch occurred upon depletion 
of the substrate starch with C.. pseudotuberculosis (lower 
figure 17). Examination of cells at 165 hours and 195 hours 
showed the intracellular starch to be almost depleted.
The disappearance of substrate starch and the appear­
ance of intracellular starch, without the occurrence of 
reducing sugars, suggests that possibly glucose or other 
fragments are transferred from the ends of the linear com­
ponents of starch into the cell where new starch molecules 
are formed, or else the intact amylose molecule is trans­
ported directly into the cell. Carrier and McCleskey 
(1961a, 1962) discussed possible mechanisms by which intra­
cellular starch is produced in the corynebacteria. They 
suggested in 1961 that the descriptive term "amyloamylase" 
be applied to the enzyme which requires long chains of 
alpha-1,4-linked glucosidic units as substrate for the for­
mation of intracellular starch. Later, in 1962, they sug­
gested the possibility that a permease may be active in 
accumulating the intracellular amylose.
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A Key for the Identification of Species of the Genus
As pointed out by Steel (1962), identification and 
classification are not synonymous, in that the problems of 
identifying a given micro-organism differ from those of 
putting it in iti. correct place in the order of things. It 
was not the purpose of this study to reclassify the coryne­
bacteria, but to make a comparative study with the view of 
developing tests for identification of the different species 
without prior knowledge of the source (Breed et al., 1957). 
The following key is the result of such a study and is based 
on enzyme systems possessed by the organism rather than on 
the source of the organism. The tests for such systems 
are simple, inexpensive and easily carried out in the lab­
oratory. The source of original isolates of the organisms 
has been retained in the key, but identification does not 
depend upon it.
The focal point of the key is the production or non­
production of starch by corynebacteria. Only four other 
genera of bacteria (Carrier and McCleskey, 1962) have been 
reported to form intracellular starch, and they are differ­
ent in either Gram-reaction or morphology.
All tests used in the separation of the species are 
based upon their activity on common substrates, except for 
certain of the non-starch producing plant pathogens. These 
species are rather homogeneous biochemically and as such 
are keyed out on the basis of the formation of stable pig­
ments. After five years of cultivation on laboratory media,
A key to aerobic species of the genus Corvnebacterium as listed in Bergev*s Manual 
(Breed et al., 1957).
A. Intracellular starch produced. Gram-positive, non-motile.
(All known species isolated from mammals)
B. Intracellular starch produced from glucose-l-phosphate.
C. Intracellular starch produced from glucose-l-phosphate only.
C. diphtheriae
CC. Intracellular starch produced from glucose-l-phosphate and starch.
D. Esculin hydrolyzed (mouse) C. kutscheri
DD. Esculin not hydrolyzed (sheep) C. pseudotuberculosis
BB. Intracellular starch produced from starch, not from glucose-l-phosphate.
C. Tyrosine decomposed (man, cow) C. striatum
CC. Tyrosine not decomposed
D. Casein hydrolyzed, nitrate not reduced C. renale
(cow)
DD. Casein not hydrolyzed, nitrate reduced C. pseudodiphtheri-
to nitrite (man) ticum
AA. Intracellular starch not produced. Gram-positive or negative, motile or 
non-motile.
B. Esculin not hydrolyzed, starch not hydrolyzed, non-motile.
(Chiefly from animals)
C. No growth in Koser's citrate. (All species from animals)
D. Casein hydrolyzed (man, cow) C. pyogenes
DD. Casein not hydrolyzed
Key, continued.
E. Hippurate hydrolyzed (man) C. hoaeii
EE. Hippurate not hydrolyzed
F. Oxidase positive (leech) C. nephridii
FF. Oxidase negative
G. Nitrite produced from nitrate (horse)
C. eaui
GG. Nitrite not produced from nitrate
H. Ammonia produced (man)
C. xerosis 
HH. Ammonia not produced (cowl
C. bovis
CC. Growth in Koser’s citrate (sweet pea) C. fascians
BB. Esculin hydrolyzed. Starch may be hydrolyzed; motile or non-motile, 
faostly from plant sources).
C. Motile
D. Tyrosine decomposed (leech) C. vesiculare
DD. Tyrosine not decomposed
E. Oxidase positive
F. Growth salmon pink (poinsettia) C. poinsettiae
FF. Growth yellow ~
G. Colonies transparent (beet)
C. betae
GG. Colonies opaque (bean) J. jlaccumfascians
Key, continued.
EE. Oxidase negative (wheat) C. tritici
CC. Non-motile
D. Tyrosine decomposed (Dactvlis) C. rathavi
DD. Tyrosine not decomposed
E. Catalase positive
F. Oxidase positive
G. Colonies cream colored
H. Blue granules in growth on ordinary 
media (alfalfa) C. insldiosum
HH. Blue granules not formed
(potato) C. sepedonicum
GG. Colonies yellow (tomato) C. michiganense
FF. Oxidaae negative (bedbug) C. paurometabolum
EE. Catalase negative (man) C. enzvmicum
AAA. Starch production not reported, (species not available for study).
B. Motile (Eugenia latifolia) C. hvpertrophicans
BB. Non-motile
C. Colonies yellow (wheat grass) C. agropvri
CC. Colonies colorless or cream
t •■ *’>4! , '••'•“ ! rn. j ijT.j-cwif.nri- u
concluded.
D. Litmus milk acid, no coagulation (mice) C. murisepticum
DD. Litmus milk not acidified
E. Starch hydrolyzed; catalase negative (seal)
C. phocae
EE. Starch not hydrolyzed; catalase positive Tpoplar)
C. humiferum
l & k
all phytopathogenic chromogens still produce their character­
istic pigments.
The Disposition of Certain Species
Although all the species recognized in the current 
edition of Bergey1s Manual (Breed et al., 1957) are included 
in the key, further studies will probably reveal that at 
least four species are now incorrectly placed in the genus 
and that two other species are identical in morphology and 
physiology.
C . nephridii and C. vesiculare are Gram-negative; this 
should be reason enough for their exclusion from the genus.
In addition, both these species lack the classical irregular 
shape and granular or barred staining of the genus Coryne- 
bacterium. C. vesiculare frequently has long filaments with 
occasional swellings hardly suggestive of corynebacteria. 
Unlike other corynebacteria, these species grow on MacConkey 
agar, eosin methylene blue agar and brilliant green bile 
agar; media normally used to cultivate Gram-negative organ­
isms. C. vesiculare. in addition to being Gram-negative, 
is motile by one or two polar to subpolar flagella (Carrier 
and McCleskey, 1961). These characteristics suggest that 
the organism may be a pseudomonad. C. nephridii appears to 
be identical in morphology and physiology with Achromobacter 
parvulus as described in Bergev1s Manual (Breed et al.,
1957).
C. enzvmicum is another organism which is quite unlike
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the type species, and violates the generic diagnosis in that 
it is catalase negative. The corynebacteria are quite highly 
oxidative, and produce little acid; but C. enzvnri rum is fer­
mentative, and reduces carbohydrate-containing media to a 
pH of 3.0. The negative benzidine test (Deibul and Evans, 
I960) suggests the lack of a cytochrome oxidase system. It 
is methyl red positive and acidifies, coagulates and digests 
milk. The organism may be better placed in the genus Lacto­
bacillus .
C. fascians produces irregular, dry, granular, "piled 
up" colonies and in broth it produces a prominent pellicle 
with a clear supernatant and granular sediment. The growth 
is very similar to that of Nocardia. Citrate and malonate 
are utilized as carbon sources and asparagine is utilized 
as both carbon and nitrogen source. The ability to use 
relatively simple carbon and nitrogen sources is not a 
characteristic of the genus, and is very unlike the type 
species, C. diphtheriae. C. fascians renders litmus milk 
alkaline and does not reduce litmus or methylene blue. Tyro­
sine is decomposed slowly and lipids are hydrolyzed. These 
are characteristics typical of Nocardia sp. and caused others 
to question the present classification of the organism (Starr 
and Weiss, 1943; Starr, 1949; Lacey, 1955 and Ramamurthi, 
1957). We agree with these workers that the organism should 
be reclassified and placed in the genus Nocardia.
In addition to the four species above believed to be 
incorrectly placed in the genus Corvnebacterium. two
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additional species, C.. hoagii and C3. equi need to be con­
sidered. Although originally isolated from different 
sources, these organisms are remarkably similar in morphology 
and physiology. Both organisms form coccoid cells, reduce 
nitrates to nitrites, hydrolyze urea, lecithins and phenol- 
phthalein diphosphate, withstand 72° C for five minutes and 
grow in the presence of five percent bile salts; growth on 
agar is identical, colonies are pale pink, circular, entire, 
glistening and moist. Growth on agar slants has a tendency 
to "run” to the bottom 01 the tube. The only difference 
between them observed in this study is that C.. hoagii hydro­
lyzes sodium hippurate and oxidatively attacks glucose, and 
C. equi does neither. These are not sufficient differences 
to justify a separate species.
It is suggested that the first species named, C. 
hoagii. be retained and that C.. equi be considered a strain 
of that species.
SUMMARY
1. A comparative study was made of forty-four cultures 
representing twenty-three of the twenty-eight aerobic species 
of the genus Corvnebacterium; representatives of the other 
five species were not available.
2. The cellular morphology of species isolated from animal 
sources is more pleomorphic than that of species isolated 
from plant sources.
3. All species are Gram-positive except C. nephridii and 
C. vesiculare. The disposition of these species was dis­
cussed.
4. All animal species, except C. vesiculare. were non- 
motile. This species, isolated from the medicinal leech, 
was motile by one or two polar to subpolar flagella. The 
phytopathogens, C. betae. C. tritici, C. flaccumfaciens and 
C. poinsettiae were found to be motile as previously 
reported.
5. Colonies of the organisms were found to be circular, 
entire, moist, and butyrous in consistency, except for five 
species. The colonies of C. diphtheriae gravis, C.. renale.
C.. pseudotuberculosis. C. paurometabolum and C. fascians were 
irregular, dry and granular in appearance.
6. The optimum growth temperature for the plant species,
and species isolated from cold blooded animals (£. vesiculare.
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C. nephridii and C. paurometabolum) was lower (25°-30° C) 
than that of species isolated from warm blooded animals 
(30°-37° C).
7. Approximately thirty-five routine tests used in the 
identification of bacteria were applied, and twenty-six 
carbon compounds were used to determine oxidative or fermen­
tative ability of the species. Three species, C. enzymicum, 
C. striatum and C. pyogenes, were found to be strongly fer­
mentative and produced acid throughout the agar medium 
within twenty-four to forty-eight hours. C. diphtheriae is 
apparently weakly fermentative, and produced acid throughout 
the agar only after four to five days. All other species 
attacked the carbon compounds oxidatively.
8. Esculin was hydrolyzed by all plant species tested 
except C.. fascians. All animal species except C, kutscneri.
C. paurometabolum. C.. enzymicum and C. vesiculare failed
to hydrolyze esculin. Of these five species, only the first 
two seem to be sufficiently like the type species to be 
included in the genus.
9. C. diphtheriae, C. kutscheri and C. pseudotuberculosis 
possess a phosphorylase and produce starch from glucose-1- 
phosphate. The latter two species, and C. tritici, C. 
striatum. C. renale and C. pseudodiphtheriticum produced 
intracellular starch from corn starch, potato starch, amy- 
lose, amylopectin and to a limited extent from dextrin. 
Compounds at least 30 glucose units in length are apparently 
required as substrates for starch synthesis.
1&9
10. A taxonomic key based on inherent and observable dif­
ferences in the species was proposed for the aerobic species 
of the genus Corvnebacterium.
11. The disposition of six species was discussed. Four of 
these species, C.. enzymicum. C,. nephridii. C. vesiculare and
C. fascians, are unlike the type species, and should be re­
moved from the genus. Two species, C. eaui and C.. hoagii. 
are almost identical in morphology and physiology, and should 
be combined into one species.
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